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INTRODUCTION  TO  GEOLOGY, 


ASSOCIATE  SCIENCES. 


DESCRIPTION  OF  THE  FRONTISPIECE. 


THIS  delineation,  which  was  designed,  drawn,  and  engraved  on  the  wood  by 
MR.  NIBBS,  represents  the  shores  of  that  ocean  by  which  the  strata  of  the  oolite 
and  lias  were  deposited.  Rocks  appertaining  to  these  formations  constitute  the 
heights  and  cliffs ;  and  the  vegetation  consists  of  those  trees  and  plants  the 
remains  of  which  are  discovered  in  these  deposits,  including  palms,  tree-ferns, 
pandani,  and  coniferous  trees ;  together  with  the  smaller  plants,  as  the  ferns, 
cycadese,  &c.  &c. 

The  reptiles  comprise  the  ichthyosaurus  in  the  act  of  devouring  a  fish ;  the 
plesiosaurus,  which  has  seized  a  pterodactyle,  or  flying  reptile,  on  the  wing; 
together  with  crocodiles  and  alligators,  which  are  depicted  on  the  shores.  Turtles 
and  tortoises  are  prowling  on  the  banks,  and  the  waters  of  this  primeval  sea  are 
tenanted  by  corals,  shells,  Crustacea,  and  fish,  appropriate  to  this  peculiar  period 
of  the  history  of  nature. 

The  artist,  it  is  obvious,  has  equalled  the  spirit  and  vigour  of  his  design  by  the 
strictly  correct  and  successful  execution  of  its  details. 
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THE  EDITOR'S  PREFACE. 


THE  distinctive  character  of  this  popular  work  consists  in 
the  condensed  view  which  it  gives  of  Mineralogy,  Fossil 
Botany,  and  Palaeontology,  considered  in  their  relation 
to  the  Natural  History  of  the  Earth.  Keeping  the 
Author's  original  object  in  view,  the  Editor  has  endeavoured 
to  render  the  text  still  more  concise  by  excluding  all  irrele- 
vant matter;  and  has  thus  gained  space  for  considerable 
additions,  especially  to  the  chapters  on  the  Tertiary,  Cre- 
taceous, Wealden,  Oolitic,  Liasic,  Devonian  and  Silurian 
groups. 

The  article,  Palaeontology,  has  been  entirely  re-written, 
and  the  best  authors  on  the  subject  carefully  consulted.  In 
this  the  Editor  has  been  especially  indebted  to  the  admirable 
Traite  Elementaire  de  Paleontologie  of  Professor  Pictet, 
Cuvier's  Ossements  Fossiles,  Vogt's  Lehrbuch  der  Geologic 
und  Petrefactenkunde,  Groldfiiss's  Petrefacta  Germanics, 
D'Orbigny's  Cours  Elementaire  de  Paleontologie,  and  the 
works  of  our  distinguished  countrymen,  Professors  Owen 
and  Grant,  Sir  C.  Lyell,  Sir  E.  Murchison,  Sir  H.  De  la 
Beche,  Dr.  Mantell,  and  Professor  Sedgwick. 

A  considerable  number  of  woodcuts  have  been  added, 
especially  to  the  Palaeontology  and  special  geology ;  as  good 
figures  are  of  great  importance  in  imparting  clear  ideas  on 
these  branches  of  Natural  Science. 
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PEEPACE  TO  THE  SECOND  EDITION. 


THE  motives  which  originally  induced  the  author  to  prepare 
this  volume  for  the  public  were  briefly  these.  During  the 
course  of  some  experience  as  a  lecturer  on  geology,  he  had 
constantly  been  in  the  habit  of  recommending  the  various 
works  already  published  on  the  science,  and  had  as  constantly 
been  requested  to  name  some  treatise  more  particularly 
intended  for  the  tyro,  and  more  expressly  designed  to  convey 
that  preliminary  information  which  the  mere  beginner  is  so 
anxious  to  acquire.  Not  being  aware  of  the  existence  of 
such  a  production,  and  being  naturally  desirous  to  comply 
with  a  demand  so  strongly  and  so  extensively  urged,  he 
undertook  the  present  publication ;  which,  in  addition  to  its 
claims  on  the  attention  of  the  novice,  its  adaptation  for  the 
use  of  schools,  and  of  classes  in  literary  and  scientific  insti- 
tutions, would,  it  was  hoped,  be  found  not  wholly  devoid  of 
interest  for  those  who  had  already  attained  some  proficiency 
in  the  science. 

The  flattering  approval  of  the  public  press,  the  favourable 
manner  in  which  the  volume  was  received  by  the  public,  and 
the  sale  of  a  large  impression  in  a  comparatively  brief  space, 
have  proved  the  correctness  of  these  anticipations,  and  have 
induced  the  author  to  publish  the  present  edition ;  which, 
beside  a  large  increase  of  letter-press,  contains  a  new 
frontispiece,  with  nearly  one  hundred  new  wood  engravings, 
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and  is  offered  to  the  public  at  a  reduction  of  two  shillings 
in  price. 

The  writer  thinks  it  proper  to  mention  that  the  whole  of 
the  additional  wood  engravings  were  drawn,  as  well  as 
engraved,  by  Mr.  G-.  H.  Nibbs,  with  the  single  exception  of 
the  vignette,  for  which  he  is  indebted  to  the  pencil  of  Miss 
Plowman. 

In  submitting  the  volume  to  the  public,  the  reader  is  again 
respectfully  reminded  that  the  work  is  one  of  the  most 
elementary  character, — that  it  is  designed  merely  as  an 
introduction  to  others  of  far  superior  merit, — and  that  the 
highest  objects  of  the  writer  will  be  attained,  if,  by  means 
of  its  pages,  the  reader  should  become  acquainted  with  the 
admirable  and  judicious  reasonings  of  a  Buckland, — the 
philosophic  speculations  of  a  Lyell, — the  splendid  oratory  of 
a  Sedgwick, — the  fascinating  eloquence  of  a  Mantell, — the 
talented  writings  of  a  Phillips, — the  able  and  energetic 
researches  of  a  Murchison, — the  instructive  publications  of 
a  Pitton,  a  De  la  Beche,  a  Bakewell,  and  of  many,  many  more, 
of  whom  science  and  literature  may  be  justly  proud,  and 
who  may  be  regarded  as  ornaments  to  letters  and  philosophy, 
and  benefactors  to  the  whole  family  of  man. 
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INTRODUCTION  TO  GEOLOGY. 


CHAPTER  I. 


Outline  of  the  Work  —  Definition  of  Geology  —  Vindication  of  the  Science,  as 
a  Useful  and  Practical  Pursuit  —  Connexion  of  Geology  with  .  National 
and  Commercial  Prosperity,  Mining,  the  discovery  of  Coal,  Civil  En- 

>. 


gineering,  Agriculture,  Drainage,  Artesian  Wells,  Health  and 
Architecture,  the  Arts,  Literature,  Mental  Discipline  —  Exercises  on  the 
above  subjects. 

OUTLINE  OF  THE  WOKK.  —  It  may  be  desirable  to  state,  at 
the  commencement  of  this  volume,  the  arrangement  proposed 
by  the  author  in  its  composition,  which  is,  in  substance,  the 
same  that  he  has  found  most  eligible-  when  delivering  lectures 
on  the  science.  The  present  chapter  will  comprise  a  defini- 
tion of  geology  ;  an  endeavour  to  rescue  the  study  from 
certain  objections  and  prejudices  undeservedly  attached  to  its 
pursuit  ;  a  vindication  of  its  practical  advantages,  and  proofs 
of  its  relation  to  the  wants  and  utilities  of  life.  The  next  will 
afford  a  brief  outline  of  its  history  ;  and  will  be  followed  by 
others,  conveying  miscellaneous  information  in  the  form  of 
first  lessons,  together  with  directions  for  procuring  and  de- 
scribing fossils,  forming  a  collection,  and  generally  cultivating 
geological  inquiries.  The  succeeding  chapters  will  respec- 
tively contain  an  introduction  to  the  auxiliary  studies  of 
Mineralogy,  Physical  Geology,  Fossil  Botany,  and  Palaeon- 
tology. The  mind  of  the  student  having  thus  been  prepared 
with  an  outline  of  those  subjects  which  are  essential  to  a 
knowledge  of  Geology,  the  remaining  pages  will  be  devoted 
to  a  concise  description  of  the  different  geological  groups. 


2  DEFINITION  ,OF   THE    SCIENCE. 

DEFINITION  OF  THE  SCIENCE. — Geology  may  be  defined 
to  be  the  inquiry  into  the  natural  history  of  the  earth,  extend- 
ing through  the  animal,  vegetable,  and  mineral  kingdoms ; 
and  comprising,  in  its  investigations,  all  time,  past,  present, 
and  to  come.  The  present  explains  to  us  the  past ;  the  past 
and  present  reveal  to  us  the  future.  The  examination  into 
existing  geological  phenomena  enables  us  to  understand 
those  which  have  occurred  in  past  periods  of  our  earth's 
history,  to  interpret  nature  by  natural  laws,  and  to  appre- 
ciate agencies  and  results  which  are  obscure  and  remote,  by 
a  comparison  with  such  as  are  familiar  and  well  known; 
while  the  study,  both  of  the  past  and  present,  empowers  us 
to  deduce  presages  of  the  future,  and  to  infer  the  nature  of 
those  changes  which  may  occur  on  the  surface  of  our  planet, 
in  future  eras  of  its  history.  It  may  be  described,  in  fine, 
as  an  investigation  of  the  structure  of  the  earth,  and 
of  the  animals  and  vegetables  which  have  existed  on  its 
surface. 

Prom  the  above  definition  it  will  be  perceived  that  geology 
is  by  no  means  to  be  regarded  as  an  isolated  department  of 
knowledge,  but  rather  as  a  union  of  all  those  sciences 
which  have  for  their  object  the  study  of  nature,  and  the 
perfections  of  her  Divine  Author.  From  the  magnitude 
and  importance  of  the  objects  which  it  contemplates,  geo- 
logy may  be  considered  in  grandeur  and  extent  as  inferior 
to  none  of  the  natural  sciences ;  whilst,  in  the  varied  and 
attractive  character  of  its  investigations,  it  will  be  found 
to  surpass  them  all.  So  diversified  is  the  sphere  of  its  inqui- 
ries, that  it  affords  themes  for  contemplation  fitted  for  every 
order  of  mind ;  and,  while  frequently,  in  the  same  object,  it 
calls  attention  to  facts  which  the  infant  understanding  may 
comprehend,  it  offers  problems  which  the  loftiest  intellect  is 
unable  to  solve.  The  shell  imbedded  in  limestone,  or  the 
vegetable  converted  into  coal,  the  tyro  may  discover  the  one 
to  be  a  marine,  the  other  a  terrestrial  production ;  but  the 
process  of  the  conversion  of  that  shell  into  limestone,  while 
the  animal  matter  is  often  replaced  by  flint,  or  the  agency 
by  which  the  plant  has  been  transmuted  into  a  mineral 
substance,  while  the  woody  structure  is  retained,  involves 
questions  which  the  present  state  of  our  knowledge  is 
insufficient  to  determine. 


ITS    APPLICATION    TO    THE    PURPOSES    OF    LIFE.  3 

In  addition  to  other  advantages  which  might  be  adduced, 
it  must  not  be  forgotten  that  geology  is  still  a  youthful  and 
progressive  study,  whose  investigations  possess  the  charm  of 
novelty,  and  whose  discoveries  are  but  the  unfoldings  of  the 
history  of  the  past. 

Before  the  benefits  of  philosophic  research  were  rendered 
so  obvious  as  they  now  are,  it  was  the  fate  of  geology,  like 
many  other  scientific  studies,  to  be  regarded  as  a  speculative 
pursuit,  which,  however  well  adapted  to  interest  the  philo- 
sopher, was  useless  to  society  in  general.  This  erroneous 
opinion,  though  now,  in  some  degree,  dispelled,  is  still  so 
firmly  implanted  in  the  minds  of  many,  who  have  not  paid 
sufficient  attention  to  the  subject,  that  we  deem  it  necessary 
to  devote  some  of  our  earliest  pages  to  a  brief  statement  of 
the  relation  of  geology  to  several  of  the  most  important  pur- 
suits of  life. 

DEPENDENCE  OF  NATIONAL  PROSPERITY  ON  G-EOLOGICAL 
POSITION. — The  social  condition  and  commercial  prosperity 
of  a  people  is  often  in  a  great  measure  due  to  the  geological 
structure  of  the  region  of  the  earth  they  inhabit.  Of  the 
truth  of  this  proposition  our  own  country  is  a  remark- 
able example.  We  owe  our  high  position,  as, .  a  nation,  not 
solely  to  the  moral  qualities  of  the  Anglo-Saxon  race, 
but  to  the  physical  advantages  derived  from  the  geological 
structure  of  our  island,  which  by  yielding  us  stores  of 
metals  and  ores,  of  limestones  and  sandstones,  of  salts  and 
minerals,  and  above  all  of  coal,  enables  us  not  only  to  supply 
our  own  wants,  but  to  minister  to  those  of  others,  and  to 
convey  knowledge  and  civilisation  to  the  very  ends  of  the 
earth.  From  the  remotest  periods,  when  the  Carthaginians 
and  Pho3iiicians  traded  with  our  British  ancestors  for  lead 
and  tin,  to  the  present  time,  the  mineral  and  geological 
riches  of  our  island  have  been  eagerly  sought  by  distant 
nations ;  and,  at  the  present  moment,  countries  the  most 
remote  from  our  own,  and  from  each  other,  are  largely  our 
debtors  for  many  of  the  benefits  which  they  enjoy.  On 
the  sultry  plains  of  India,  and  of  Arabia — amidst  the  frozen 
deserts  of  the  north — as  far  distant  as  the  antipodes,  and 
at  every  point  between — the  natives  are  clad  in  garments, 
and  assisted  by  tools  and  implements,  which  the  natural 
resources  of  our  country,  aided  by  our  energy  and  enterprise, 
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4  ITS    BELATION   TO   NATIONAL   PROSPEKITY. 

enable  us  to  supply.  If  (as  has  recently  been  remarked  *) 
the  granite  of  the  Scottish  mountains  had  extended  as  far 
as  the  South  Downs  of  Kent  and  Sussex ;  or  if  the  chalk  of 
our  southern  shores  had  reached  to  the  Grampian  hills,  our 
social  and  commercial  condition  would  have  presented  a 
dreary  contrast  to  the  scene  of  energy,  enterprise,  and 
wealth,  which  it  now  presents.  If  the  granite  had  prevailed 
throughout  the  entire  island,  we  should  have  been  placed  in  a 
country,  picturesque,  it  is  true,  in  its  general  outline,  abound- 
ing in  the  alternations  of  mountain  and  of  vale ;  of  hill  and 
of  glen ;  relieved  by  the  torrent,  the  waterfall,  and  the  lake ; 
and  embellished  with  a  profuse,  though  monotonous  vegeta- 
tion ;  while  the  rocks  beneath  would  have  aiforded  occasional 
supplies  of  precious  metals,  and  stores  of  tin,  copper,  silver, 
and  gold.  But  the  climate  would  have  been  severe;  its 
productions  limited  and  few ;  its  population  scanty,  scattered, 
and  poor ;  and  we  should  have  continued  a  race  of  miners 
and  mountaineers.  On  the  other  hand,  had  the  chalk  ex- 
tended over  the  whole  country,  we  should  have  possessed 
extensive  pastures  and  sheep-walks,  and  should  have  become 
a  community  of  shepherds,  grazing  our  flocks  on  the  hills, 
and  cultivating  a  confined  and  partial  vegetation  in  the  valleys 
and  fissures  of  the  chalk.  In  neither  case  could  we  have 
attained  that  prosperity  and  eminence  which  we  now  so 
happily  enjoy,  since  we  should  have  been  destitute  of  those 
natural  advantages  which  constitute  the  basis  of  our  national 
prosperity  and  power;  and  which,  from  the  chalk  of  our 
southern  shores  to  the  granitic  formations  of  the  north, — 
from  the  South  Downs  of  Sussex  to  the  Grampian  hills, — 
and  from  the  clay  lands  of  the  east  to  the  metallic  districts 
of  the  west, — from  the  fields  of  Essex  to  the  mines  of 
Cornwall,  yield  a  variety  of  benefits  calculated  not  only  to 
enrich  ourselves,  but  to  render  us  the  dispensers  of  blessings 
to  regions  the  most  remote.  The  relation  of  commercial 
and  social  prosperity  to  geological  situation  has  been  forcibly 
illustrated  by  Dr.  Buckland,  who,  in  his  Bridgewater  Trea- 
tise, furnishes  an  outline  of  the  chief  physical  features  of 
our  island,  and  calls  attention  to  the  striking  fact,  that  no 

*  By    Leonard    Homer,    Esq.,  at   the    Anniversary   of    the    Geological 
Society,  1841. 
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less  than  nineteen  -of  the  largest  and  most  important  towns 
in  England,  from  Exeter  to  Carlisle,  are  all  situated  along 
the  line  of  one  geological  formation,  the  new  red  sandstone, 
which,  in  addition  to  its  own  mineral  treasures  of  rock-salt, 
gypsum,  soda,  and  metallic  ores,  usually  covers  the  invaluable 
deposit  of  coal,  at  once  yielding  an  incentive  and  supply  to 
the  vast  and  enterprising  population  of  this  favoured  district.* 

Dr.  Sillimanf  adverts  to  the  same  point,  and  with 
patriotic  zeal  expatiates  on  the  admirable  resources  of  the 
vast  American  continent,  the  variety  and  richness  of  its 
diversified  geological  deposits,  and  the  favourable  prospects 
of  its  future  inhabitants. 

This  .part  of  our  subject  is  so  varied  and  important,  that 
to  follow  it  in  all  its  details  would  far  exceed  our  limits ; 
and  with  one  additional  remark,  illustrative  of  our  obliga- 
tions on  this  account  to  an  all-bountiful  Providence,  we 
shall  pass  to  other  observations  of  a  like  nature.  It  is  found 
that  insular  situations  are  usually  favourable  to  the  develop- 
ment of  varied  geological  formations,  while  continents 
and  extensive  tracts  of  country  are  generally  monotonous 
and  unvaried.  Thus,  while  the  Isle  of  Arran  presents  an 
epitome  of  the  lower  secondary  and  primary,  and  the  Isle 
of  Wight  a  like  compendium  of  the  tertiary  and  upper 
secondary  formations,  Sir  E-.  Murchison,  in  his  recent  visit 
to  Eussia,  travelled  for  two  thousand  miles  over  old  red 
sandstone  alone.  Hence,  in  addition  to  the  advantages  of 
natural  security  and  defence,  our  insular  position  confers 
those  of  mineral  resources  alike  diversified  and  beneficial. 
The  same  cause,  or  train  of  causes,  which  rent  our  island 
from  the  adjacent  shores  of  Europe,  was,  doubtless,  asso- 
ciated with  intrusions  of  eruptive  rocks,  which  brought  with 
them  to  the  surface,  many  of  those  varied  and  valuable 
deposits  which  enrich  our  favoured  land. 

GrEOLOGl      CONNECTED     WITH     MlNING. — Among     those 

*  A  passage  of  Scripture  has  been  happily  applied  to  describe  the  blessings 
with  which  we  are  favoured  by  our  peculiar  geological  position.  "  A  land 
wherein  thou  shalt  eat  bread  without  scarceness,  thou  shalt  not  lack  any  thing 
in  it ;  a  land  whose  stones  are  iron,  and  out  of  whose  hills  thou  mayest  dig 
brass.  When  thou  hast  eaten  and  art  full,  then  thou  shalt  bless  the  Lord  thy 
God  for  the  good  land  which  he  hath  given  thee." — Deut.  viii.  9, 10. 
•J*  In  Bohn's  edition  of  Dr.  Mantell's  Wonders  of  Geology. 
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economical  advantages  which  the  science  is  calculated  to 
confer,  its  assistance  to  the  miner  may  be  first  adduced, 
since  it  occurs  earliest  in  the  series  of  geological  formations. 
It  is  at  once  the  object  and  the  boast  of  geology  to  redeem 
the  search  after  metallic  ores  from  the  hazard  which  in  times 
past  attended  it ;  to  teach  the  miner  to  discard  the  belief 
in  sinister  influences  and  evil  spirits,  by  showing  that 
mineral  substances  have  not  been  distributed  by  chance, 
but  that  each  is  referable  to  some  peculiar  geological  deposit, 
to  direct  the  inquiry  for  them  on  fixed  principles,  and  in 
conformity  with  the  laws  which  regulate  their  occurrence. 
In  this  country,  the  granitic  regions  are  the  only  districts 
in  which  tin  is  discovered  in  sufficient  extent  and  abundance 
to  justify  its  being  sought  for  economical  purposes.  Copper 
is  also  found  in  the  greatest  abundance  in  granite,  and 
in  the  schistose  or  slaty  rocks  above  it ;  and  the  principal 
mines  of  these  metals,  in  this  country,  are  situated  in 
Cornwall ;  though  the  latter  substance  also  presents  itself, 
but  in  less  plenty,  in  the  new  red  sandstone.  Lead  is 
chiefly  confined  to  the  carboniferous  limestone:  the  most 
important  supplies  exist  in  Derbyshire  and  Scotland, 
amid  strata  appertaining  to  this  formation.  These  metals, 
together  with  silver  and  others,  occur  in  veins,  which, 
in  some  cases,  communicate  with  fissures  beneath,  and 
have,  probably,  been  occasioned  by  deeply  seated  subter- 
ranean agency ;  or  they  are  the  result  of  the  chemical 
segregation  of  metallic  particles  from  the  surrounding 
mass.  Grold  offers  an  exception  to  the  general  rule  -of 
metals  existing  in  veins:  it  is  disseminated  in  minute 
quantities  throughout  those  rocks  (usually  of  a  quartzose 
character)  in  which  it  occurs,  and  is  chiefly  obtained  in 
alluvial  gravel  resulting  from  the  decomposition  of  such 
rocks,  or  from  the  sands  of  rivers,  which,  flowing  over  them, 
have  washed  out  the  particles  of  gold.  It  is  in  the  alluvial 
soil  on  the  banks  of  the  Bio  del  Sacramento,  that  the  rich 
gold  washings  occur  which  have  attracted  so  many  "  diggers" 
to  the  shores  of  California,  where  the  search  is  now  pur- 
sued with  so  much  eagerness  and  success.*  Platinum,  toge- 
ther with  zircon,  the  diamond,  and  many  other  gems,  is 

*  Humboldt's  Views  of  Nature,  p.  207  ;  Bolm's  edition. 
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also  found  in  alluvial  deposits,  their  original  source  being, 
probably,  the  same  as  that  of  gold ;  while  iron  in  this 
country  is  usually  associated  with  coal  and  limestone,  with- 
out both  of  which  substances  it  would  be  impossible  to 
reduce  this  valuable  ore  to  a  metallic  state. 

The  veins  of  mineral  substances  are  by  no  means  of  equal 
extent  or  value  in  all  parts  of  their  course,  but  the  ore  is 
distributed  in  local  masses  and  aggregations,  or  lunches, 
along  the  line  of  its  occurrence ;  while  in  the  case  of  tin  it 
occasionally  spreads  out  into  a  flat  mass,  technically  called  a 
floor,  or  on  the  other  hand  thins  into  mere  filaments  or  strings, 
and  occasionally  dies  out  altogether,  leaving  the  miner  to 
infer  the  path  he  should  pursue  from  the  occurrence  of  vein- 
stones or  shades,  which,  though  barren  in  themselves,  are 
valuable  as  affording  a  clue  to  the  re-appearance  of  richer 
deposits.  These  stones  are  partially  rounded,  and  apparently 
water-worn,  and  are  found  on  the  surface,  or  at  very  small 
depths  below  it.  Their  mineralogical  characters  nearly 
resemble  those  of  the  contents  of  the  lodes  or  veins  in  the 
vicinity,  of  which  they  are  presumed  to  be  fragments  removed 
by  diluvial  action.  The  proximity  of  veins  is  farther  shown  by 
certain  indications,  which  rarely  fail  to  point  out  their  near- 
ness to  the  surface.  These  are,  the  barrenness  of  the  spot, 
the  presence  of  shattered  fragments  of  the  stones  above- 
mentioned,  and,  occasionally,  the  harsh,  metallic  taste  of  the 
water  of  some  adjacent  spring.  Veins  of  copper  are  usually 
found  in  connexion  with  an  earthy,  ochreous  stone,  locally 
termed  gossan,  which  is  of  a  red  colour,  and  crumbles  like 
the  rust  of  iron.  The  peculiar  substance  called  killas,  which 
has  been  described  as  a  gneiss  that  has  lost  its  schistose 
character,  and  become  comparatively  easy  and  free  to  work, 
affords  another  symptom  of  their  occurrence.  The  lodes,  or 
veins',  both  of  tin,  copper,  and  other  ores,  exist  most  fre- 
quently in  the  vicinity  of  granite,  which  is.  called  by  the 
miners  their  country.  Metallic  veins,  also,  usually  occur 
contiguous  to  axes  of  disturbance,  and  at  points  which 
exhibit  proofs  of  the  action  of  fire.  Since  these  circum- 
stances are  chiefly  of  local  nature  and  origin,  and"  are 
dependent  on  the  character  of  the  individual  formation 
to  which  they  are  referable,  it  will  be  seen  that  mineral 
substances  present  themselves  under  such  diversified  con- 
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ditions,  and  amid  such  varied  difficulties  of  acquisition,  that 
a  right  knowledge  of  geology  can  alone  enable  us  to  over- 
come them. 

GEOLOGY  APPLIED  TO  THE  DISCOVERY  or  COAL. — But 
there  is  a  mineral  substance  more  precious  than  silver,  or 
even  gold,  the  occurrence  and  profitable  discovery  of  which 
geology  alone  is  able  to  determine,  and  that  substance  is 
coal.  If  the  mines  of  the  precious  metals  were  closed  to- 
morrow, and  gold  and  silver  no  longer  raised  for  the  use  of 
man,  society,  with  some  very  considerable  revolution  and 
difficulty  in  the  mode  of  adopting  other  representatives  of 
value,  would  go  on  nearly  as  before ;  but  deprive  civilised 
communities  of  their  coal,  and  how  fatal  would  be  such  a 
catastrophe  to  the  welfare  and  happiness  of  the  human  race ! 
No  longer  would  our  favoured  country  be  the  great  factory 
of  the  world ;  no  longer  would  our  commerce  convey  the 
associate  benefits  of  knowledge  and  civilisation  to  the 
remotest  regions  of  the  globe ;  no  longer  should  we  triumph 
over  time  and  space,  and  traverse  land  and  ocean  with 
a  rapidity  almost  incredible ;  our  steam-power  would  be 
annihilated,  and  with  it  our  prosperity  and  supremacy  as  a 
nation ;  and  the  future  historian  of  the  revolutions  of  em- 
pires would  date  the  decline  and  fall  of  Britain's  power  from 
the  period  when  her  supply  of  mineral  fuel  was  exhausted, 
and  her  last  coal-field  consumed ! 

Such  are  some  of  the  most  important  benefits  connected 
with  the  discovery  and  the  use  of  mineral  fuel.  The  utility 
of  geology  consists  not  only  in  pointing  out  those  situations 
in  which  coal  may  be  presumed  to  exist,  but  in  determining 
those  in  which  it  cannot  possibly  occur ;  for  while  the  limits 
of  the  coal-producing  districts  have  been  largely  and  bene- 
ficially extended,  by  means  of  researches  undertaken  in 
accordance  with  scientific  views,  enterprises  have  been  com- 
menced by  persons  ill-informed  on  the  subject,  which,  having 
been  conceived  in  ignorance  and  carried  on  in  opposition  to 
sound  geological  principles,  have  terminated  in  utter  failure 
and  disappointment.  Some  few  years  only  have  elapsed  since 
the  deceptive  appearance  of  lignite,  in  strata  appertaining  to 
the  wealden  formation,  at  Bexhill,  in  Sussex,  induced  certain 
parties,  imperfectly  acquainted  with  geological  science,  to 
institute  a  search  for  coal ;  it  was  not  till  after  works  of  the 
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most  extensive  and  costly  nature  had  been  constructed,  and 
an  outlay  of  £10,000  incurred,  that  an  enterprise,  hopeless 
from  the  first,  was  at  length  abandoned  in  despair.  Many 
attempts  have  been  made,  from  Somersetshire  to  Wales ; 
and  Sir  R.  Murchison  *  mentions  numerous  enterprises 
all  similarly  unsuccessful.  In  fact,  there  is  scarcely  a 
formation  below  the  chalk  in  which  researches  of  this  kind 
have  not  been  attempted.  One  of  the  most  recent  and 
ill-judged  of  these  consisted  in  an  endeavour  made,  a  short 
time  since,  at  the  Kingsthorpe  pits,  within  a  mile  of  North- 
ampton. The  author  was  at  that  time  lecturing  in  the 
neighbourhood,  and  his  opinion  was  requested  as  to  the  pro- 
bable success  of  the  undertaking.  The  geological  site  of  the 
locality,  which  is  about,  the  middle  of  the  oolite  formation, 
was  decisive  of  the  futility  of  the  enterprise,  and  he  there- 
fore denounced  it  as  mistaken,  and  strongly  protested  against 
its  further  prosecution.  His  remonstrances  were  disre- 
garded, as  those  of  a  mere  theorist.  It  appeared  that  a 
person  employed  to  sink  a  well  near  the  spot,  having  bored 
through  a  bed  of  clay,  which  bore  some  slight  resemblance' 
to  the  clunch  or  clay  which  frequently  overlies  the  coal,  had 
advised  the  undertaking ;  and  thus,  on  a  fact  of  the  most 
common  geological  occurrence,  the  similarity  of  one  bed 
of  clay  to  another,  and  under  the  guidance  of  a  workman, 
the  speculation  was  set  on  foot';  a  joint-stock  company 
was  organised ;  a  large  amount  of  capital  was  subscribed ; 
steam-engines  were  erected,  shafts  were  sunk,  and  enormous 
expenses  incurred.  This  was  the  situation  of  affairs  during 
the  visit  of  the  author  in  1839.  The  result  may  easily  be 
anticipated :  the  works,  after  being  extensively  prosecuted, 
were  finally  closed,  and  the  enterprise  abandoned  for  want  of 
funds,  after  an  expenditure  of  £20,000  !  Such  was  the  ter- 
mination of  an  attempt  which  an  acquaintance  with  the  first 
principles  of  geology  would  have  decided,  from  the  first, 
to  be  fruitless.  It  will  thus  be  seen  that  the  knowledge 
which  the  geologist  possesses,  to  determine  the  existence  or 
non-existence  of  coal  in  any  given  locality,  may  be  regarded 
as  one  of  the  most  striking  proofs  of  the  importance  and 
usefulness  of  the  science. 

*  Silurian  System. 
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GEOLOGY  APPLIED  TO  CIYIL  ENGINEERING. — At  the 
present  day,  when  nearly  the  whole  of  the  British  Isles  is 
being  intersected  with  railroads,  a  knowledge  of  the  general 
principles  of  the  geology  and  physical  geography  of  the 
region  which  is  to  be  the  sphere  of  the  undertaking,  are 
highly  important  to  the  engineer.  The  nature  and  composi- 
tion of  the  different  strata,  varying  as  they  do  from  loosely 
coherent  beds  of  gravel,  sand,  or  clay,  to  rocks  of  crystalline 
structure,  will  often  determine  the  choice  to  be  pursued  in  a 
given  district :  for  example,  when  the  beds  are  loose  and 
porous,  they  are  frequently  to  be  avoided;  while  a  rock, 
though  hard  and  crystalline,  may  present  a  valuable  stone 
for  masonry,  and  repay  the  cost  of  penetrating.  As  regards 
the  construction  of  these  and  other  public  works,  an 
acquaintance  with  geology  is  found  to  be  of  such  essential 
importance,  that  it  now  constitutes  a  part  of  the  education  of 
the  engineer. 

CONNEXION  OF  GEOLOGY  WITH  AGRICULTURE. — The 
agriculturist  is  benefited  by  that  insight  into  the  struc- 
ture of  the  globe  which  geology  unfolds ;  as  the  super- 
ficial soil  is  usually  derived  from  the  disintegration  of  the 
adjacent  rocks,  an  acquaintance  with  the  nature  and  chemical 
composition  of  strata  is  of  utility  in  pointing  out  the  best 
mode  of  cultivation.  Those  lands  are  most  productive,  and 
least  liable  to  exhaustion,  which  contain  a  due  admixture  of 
clay,  flint,  and  lime ;  but  as  instances  are  few  in  which 
nature  has  bestowed  them  in  proportions  best  adapted  for  a 
productive  soil  for  the  growth  of  the  cerealia,  it  is  the  study 
of  the  scientific  agriculturist,  by  a  rotation  of  crops,  a  mixture 
of  manures,  and  by  adding  the  deficient  mineral  body,  to 
produce,  by  science,  what  nature  has  withheld. 

In  the  all-important  operation  of  drainage  a  knowledge  of 
the  strata  of  a  district  is  of  the  first  importance. 

ARTESIAN  WELLS. — A  knowledge  of  geology  enables  the 
engineer  to  obtain  a  copious  supply  of  water  under  peculiar 
conditions  of  certain  districts  by  Artesian  "Wells,  so  called 
from  their  having  been  first  introduced  in  the  province  of 
Artois,  the  ancient  Artesium,  in  France.  These  wells  have 
been  so  frequently  brought  before  the  notice  of  the  public, 
that  the  simplest  outline  will  suflice  to  convey  an  idea  of 
the  principle  of  their  construction.  The  annexed  diagram 
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represents  deposits  of  the  tertiary  system, — suppose   the 
valley  of  the  Thames. 


FIG.  1.    Artesian  "Wells. 

The  bed,  a  a,  is  an  impervious  stratum  of  London  clay ; 
b  ft,  a  porous  deposit  of  gravel  or  sand,  resting  on  the  chalk, 
c  c ;  the  whole  forming  a  basin-like  structure.  The  water 
which  falls  on  the  chalk-hills,  c  c,  flows  either  into  the  chalk, 
or  the  porous  bed  above  it,  b  b  •  and  being  forced  upwards 
by  fresh  accessions,  would  rise  to  the  top,  were  it  not  pre- 
vented by  the  clay  above,  a  a.  The  engineer,  by  boring 
through  the  bed,  a  a,  or  the  chalk,  c  c,  gives  exit  to  the  sub- 
terranean water  which  rises  to  the  surface  and  flows  con- 
tinually by  means  of  hydrostatic  pressure.  The  beds  above 
the  chalk  were  formerly  considered  to  contain  the  water ;  it  is 
now,  however,  ascertained  that  it  is  derived  from  the  chalk 
strata  beneath,  and  that  the  gault  is  the  great  retentive 
bed  of  clay  that  supports  the  superincumbent  sheet  of  water 
that  niters  through  the  beds  of  porous  chalk  and  firestone. 
By  these  borings  through  the  clay  beds  of  low,  level  districts 
in  England,  France,  and  Germany,  copious  streams  of  water 
are  procured  from  depths,  and  under  conditions,  which 
would  either  preclude  the  sinking  a  well  altogether,  or 
the  expense  would  be  such  as  to  prohibit  the  enterprise. 
The  plan  has  been  adopted  with  eminent  success  in  the 
vicinity  of  London ;  but  the  most  important  work  of  the 
kind  is  in  the  Plaine  de  Grrenelle,  near  Paris ;  this  Artesian 
well  yields  516^  gallons  of  water  per  minute,  the  temperature 
of  which  is  81°  7'  Fahr.,  the  depth  of  the  well  is  1794  feet ; 
the  shaft  passes  down  into  the  gault.  The  Artesian  Wells  in 
Trafalgar  Square  descend  into  the  upper  chalk  to  a  depth  of 
393  feet. 
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THE  RELATION  OF  GEOLOGY  TO  AECHITECTTJEE  AND  THE 
FINE  AETS. — Nor  is  a  knowledge  of  this  science  less  essential 
to  the  architect.  An  acquaintance  with  its  principles 
affords  a  sure  guide  in  the  selection  of  a  good  and  durable 
building  material.  Many  public  edifices  are  fast  hastening 
to  decay ;  several  of  the  colleges  of  our  Universities  have 
required  to  be  nearly  rebuilt;  and  many  newly  erected 
churches  are  in  course  of  premature  dilapidation,  owing  to 
the  decomposing  nature  of  the  stone  of  which  they  are  con- 
structed; while  several  of  our  ancient  edifices  which  have 
become  decayed,  have  been  repaired  with  so  faulty  a  material 
that  old  and  new  have  speedily  become  one  ruin.  The 
Capitol,  at  Washington,  U.  S.,  is  in  a  state  of  disfigurement 
from  the  same  cause.  The  evil,  in  this  country,  has  grown 
to  such  a  magnitude,  as  to  have  effected  its  own  cure.  The 
attention  of  architects  and  men  of  science  has  been  called 
to  the  subject,  and  on  the  recent  destruction  of  the  Houses 
of  Parliament  by  fire,  a  commission,  composed  chiefly  of 
geologists,  was  appointed  by  government  to  survey  the 
stone-producing  districts,  and  select  the  best  material  for 
the  construction  of  the  new  edifice.  The  stone  recom- 
mended appertains  to  the  magnesian  limestone  formation. 
The  architectural  student  will  find  ample  information  in  the 
report  of  the  commission,  and  likewise  in  a  paper  on  the 
same  subject  by  J.  C.  Smith,  Esq.* 

CONNEXION  OF  THE  SCIENCE  WITH  SCTJLPTTJEE. — The 
sculptor  is  no  less  indebted  to  geology,  in  the  choice  of  ma- 
terial for  the  exercise  of  his  art.  Some  of  the  finest  pro- 
ductions of  the  chisel,  owing  to  the  choice  of  an  unworthy 
material,  are  chipped  and  decomposed.  The  Greek  marble 
of  Pentelicus  was  much  disfigured  from  its  impurity  and 
admixture  of  metallic  oxides ;  but  the  Italian  quarries  of 
Massa  and  Carrara,  which  consist  of  an  altered  limestone, 
supposed  to  be  of  the  oolitic  series,  are  free  from  such  im- 
purities. Many  ancient  works  of  art  are  disfigured  by  the 
faulty  nature  of  the  material;  and  a  celebrated  chef  d* ceuvre 
of  modern  date,  the  Ariadne  of  Danneker,  is  spoiled  from 
this  cause.  It  may  be  added,  that  the  late  Sir  Francis 
Chantrey  was  so  well  aware  of  the  value  of  knowledge  of 

*  Transactions  of  the  Royal  Inst.  of  British  Architects. 
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this  kind,  that  he  made  himself  a  proficient  in  mineralogy  and 
geology.  Even  where  these  defects  have  not  existed,  the 
beauty  and  effect  of  a  statue  are  known  to  depend,  in  a 
material  degree,  on  the  more  or  less  crystalline  character  of 
the  stone.  We  have  only  to  place  a  cast,  in  plaster,  beside 
the  antique  statue  from  which  it  has  been  modelled,  to  per- 
ceive to  what  an  extent  the  expression  of  sculpture  is  en- 
hanced by  the  purity  of  the  marble  of  which  it  is  composed. 

To  PAINTING. — The  painter  derives  important  aid  from 
a  science  which  teaches  him  the  physical  structure  of  a 
country,  and  the  principles  which  determine  its  scenery  and 
aspect.  Many  works  of  great  merit  oifend  the  eye  by  depar- 
tures from  the  truth  of  nature,  which  a  knowledge  of  this 
science  would  have  served  to  prevent.  How  absurd,  for 
example,  should  we  deem  the  error  of  the  artist,  when  de- 
picting an  event  which  occurred  in  the  southern  district  of 
our  island,  if  he  should  sketch  the  scene  with  the  rugged 
outline  which  characterises  the  primary  formations  of  the 
north  ;  or,  if  in  representing  an  occurrence  which  happened 
in  our  northern  districts,  should  he  delineate  the  angular 
outline  of  its  Plutonic  rocks  with  the  undulating  lines  which 
characterise  the  sedimentary  formations  of  the  south  !  Some 
of  the  most  celebrated  modern  paintings  exhibit  faults  of 
this  description,  in  which  rocks  are  drawn  and  views  pour- 
tray  ed  in  localities  where,  owing  to  the  physical  geography 
of  the  district,  they  could  never  have  existed.  In  fine, 
geology  is  to  the  painter  of  landscape  what  anatomy  is  to 
the  student  of  animal  forms,  and  as  such  will  repay  his 
investigation. 

RELATION  or  GEOLOGY  TO  HEALTH. — The  connexion 
between  geological  structure  and  the  salubrity  of  a  locality 
must  be  obvious  to  the  most  superficial  observer.  The  clean 
soil,  clear  air,  and  pure  water  of  the  chalk  districts,  form  a 
striking  contrast  to  the  foggy  atmosphere  and  impure  waters 
of  the  London  clay  formation ;  and  the  dry  nature  of  a 
sandy  region,  as  compared  with  the  moisture  and  malaria  of 
a  marshy  district,  are  circumstances  known  and  appreciated 
by  medical  men. 

To  LITERATURE. — The  connexion  of  geology  with  litera- 
ture is  evident  from  the  distinguished  merit  of  the  works  of 
its  most  eminent  professors.  The  publications  of  Buckland, 
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Lyell,  Mantell,  Murchison,  Phillips,  Sedgwick,  and  others, 
are  as  much  an  honour  to  letters  as  to  science ;  and  the 
study,  unquestionably,  owes  much  of  its  popularity  among 
the  educated  classes  of  society,  to  the  intellectual  powers  of 
its  great  masters.  It  would  be  invidious  to  particularise, 
but  the  selection  of  a  few  striking  instances  may  perhaps 
be  pardoned.  There  is  scarcely  a  more  beautiful  or  more 
perfect  description  than  that  in  which  Dr.  Buckland*  depicts, 
with  his  accustomed  eloquence,  a.  Silesian  coal-mine  with  all 
its  splendid  scenery  of  the  graceful  vegetable  forms  of  the 
primeval  earth.  Dr.  Mantell,t  adopting  the  image  of  an 
Arabian  writer,  introduces  an  imaginary  being,  endowed 
with  superhuman  longevity  and  power  of  observation ;  and, 
in  the  person  of  this  fictitious  observer,  describes  the  chief 
geological  mutations  of  our  island  in  a  style  which  combines 
the  most  perfect  eloquence  with  an  accurate  adherence 
to  scientific  fact.  Sir  Charles  Lyell  J  has  a  passage  which 
forms  one  of  those  gems  of  philosophic  truth  with  which  the 
pages  of  this  admirable  writer  are  so  profusely  adorned. 
After  noticing  the  remark  of  Lord  Byron, 

"  The  dust  we  tread  upon  was  once  alive," 

he  observes  that  the  philosopher  transcends  the  poet ;  that 
while  the  one  can  only  utter  the  vague  exclamation  that 
inanimate  matter  was  once  animate,  it  is  the  triumph  of  the 
other  to  describe  the  very  form  which  it  assumed  when 
endowed  with  the  faculties  of  existence.  The  works  of  Sir 
Roderick  Murchison  abound  in  the  most  graphic  descriptions 
of  the  wild  and  wondrous  regions  he  has  so  successfully 
investigated:  those  of  Professor  Phillips  display  the  rare 
union  of  severe  and  minute  investigation  of  facts,  and  mathe- 
matical accuracy  of  deduction,  with  the  most  graceful  style 
of  composition,  and  the  most  attractive  charms  of  sentiment 
and  feeling.  A  similar  tribute  is  due  to  Professor  Owen,  to 
whose  researches,  memoirs,  and  publications,  science  is  so 
deeply  indebted ;  who,  in  his  admirable  orations-,  literally 
"bids  the  dry  bones  live,"  and  invests  the  technical  details 

*  Bridgewater  Treatise,  vol.  i.  p.  458. 

f  Wonders  of  Geology,  fourth  thousand,  vol.  i.  p.  409. 

£  Elements,  second  edition  vol.  i.  p.  57. 
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of  anatomical  and  physiological  investigations  with  all  the 
attractions  of  eloquence,  genius,  and  taste.  The  orations 
of  Professor  Sedgwick  evince  the  like  combination  of  sci- 
entific attainment  with  literary  excellence ;  and  the  writings 
of  various  other  geologists  might  largely  increase  our  list. 
Mr.  Hugh  Miller*  has  a  chapter  descriptive  of  the  influence 
of  physical  geography  on  the  character  and  aspect  of  natural 
scenery,  which  transcends,  perhaps,  in  force  and  beauty  ol 
description,  any  production  of  a  similar  kind ;  while  it 
exhibits,  at  the  same  time,  that  acquaintance  with  the 
principles  of  science  to  which  the  mere  delineator  of  scenery 
makes  no  pretension. 

MENTAL  DISCIPLINE  or  THE  SCIENCE. — The  highest 
advantages  to  be  gained  from  this  instructive  study, 
consist  not  in  considerations  of  benefit  or  of  detriment, 
but  in  the  intellectual  advancement  and  moral  improve- 
ment which  it  is  so  well  calculated  to  promote,  and 
in  its  power  of  invigorating  the  mind,  and  purifying  and 
chastening  the  feelings  and  the  heart.  If  the  celebrated 
aphorism,  of  Lord  Bacon  be  true — that  all  study  is  to  be 
valued,  not  so  much  as  an  exercise  of  the  intellect,  as  a 
discipline  of  humanity;  what  study  can  be  more  instruc- 
tive and  improving  thau  that  which,  by  'teaching  us  to 
look  into  the  beautiful  and  harmonious  world  around  us, 
corrects  and  chastens  overweening  opinions  of  ourselves, 
removes  and  dispels  narrow  ideas  of  nature,  and  substitutes 
more  just  views  of  the  grandeur  of  creation,  and  the  per- 
fections of  its  infinite  Author?  The  studipus  and  the 
observant  may  deduce  from  its  varied  contemplations  lessons 
of  the  highest  wisdom  and  instruction ;  and  our  immortal 
bard,  who  has  depicted  almost  every  condition  of  human  life, 
would  seem  to  have  had  the  modern  geologist  in  view,  and 
to  have  described  with  prophetic  anticipation,  his  secluded 
but  useful  existence, 

"  And  this  our  life,  exempt  from  public  haunt, 
Finds  tongues  in  trees,  books  in  the  running  brooks, 
Sermons  in  stones,  and  good  in  every  thing  !  " 


*  On  the  Old  Red  Sandstone,  p.  107. 
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IT  may  be  necessary  to  premise,  that  the  exercises  contained 
in  the  course  of  the  following  pages  will  consist  less  in  the 
formal  arrangement  of  questions  to  be  proposed,  and  answers 
to  be  returned,  than  in  a  recapitulation  of  the  most  impor- 
tant statements  contained  in  each  section,  with  the  view  of 
impressing  them  more  strongly  on  the  memory,  and  enabling 
the  student  to  apply  them  in  a  practical  manner. 

It  will  be  obvious  that  subjects  of  so  general  a  cha- 
racter as  those  contained  in  the  preceding  chapter,  are  little 
adapted  for  purposes  of  this  nature,  yet  a  few  instances  may, 
perhaps,  be  transferred  to  the  common-place  book  of  the 
student. 

1.  Vary  the  definition  of  geology,  by  terming  it,  with  Sir 
C.  Lyell,  the  inquiry  into  the  materials  of  which  the  earth 
is  composed,  and  the  arrangement  of  those  materials  ;  with 
the  collateral  investigation  into  the  races  of  animals  and 
plants  which  at  various  periods  have  inhabited  the  globe ; 
or  describe  it,  with  Professor  Phillips,  as  the  inquiry  into  the 
nature  of  sedimentary  deposits,  and  their  disturbance   by 
igneous  action,  together  with  the  natural  history  of  animals 
and  vegetables,  &c.,  &c. 

2.  Collect  instances  of  the  practical  application  and  im- 
portance of  geological  science,  under  local  circumstances,  in 
addition  to  the  instances  here  described. 

3.  Give  individual  examples  of  the  influence  of  geological 
position  on   the  character  of  the  inhabitants   of  peculiar 
districts.     The  relation  of  the  same  causes  to  the  salubrity 
of  particular  regions,  and  the  health  of  their  inhabitants,  may 
afford  themes  of  illustration. 

4.  Note  the   relation   of  geological  principles  with  the 
art  of  mining  in  any  district  with  which  you  may  be  ac- 
quainted. 

5.  Seek  either  in  the  works  of  Phillips,  Murchison,  or 
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other  authorities,  or  from  your  own  experience  or  that  of 
friends,  examples  of  the  successful  or  unsuccessful  search 
for  coal. 

6.  Instance  the  advantage  of  an  acquaintance  with  geology, 
as  regards  civil  engineering,  in  the  construction  of  canals, 
railways,  and  lines  of  common  road. 

7.  Study  its  connexion  with  agriculture,  in  the  three  par- 
ticulars here  mentioned — improvement  of  soils,  drainage,  and 
supply  of  water, — and  note  local  instances  of  these  relations. 

8.  Inspect  the  stone  buildings  in  your   neighbourhood, 
especially  those  of  ancient  date  ;  observe  their  north  and 
north-western  sides,  and  the  comparative  resistance  which 
these  have  offered  to  the  action  of  the  weather.     Remark 
whether  the  stones  are  placed  in  the  horizontal  position 
which  they  occupied  in  the  quarry,  like  a  book  laid  on  its 
side ;  or  whether  their  position  be  vertical,  like  one  placed 
on  its  edge :  and 'if  the  latter,  observe  if  the  laminae,  or  thin 
flakes   of  the   stone,   have  not  peeled   oif,   and  the  stone 
decayed  in  consequence.     Ascertain  the  quarries  from  which 
the  material  has  been  obtained,  and  the  geological  formation 
of  their  localities. 

9.  Collect  examples,  which  are  numerous,  in  the  history  of 
the  art,  of  statues,  busts,  &c.,  which  have  but  imperfectly 
withstood  the   action  of  time  in  consequence  of  the  bad 
quality  of  the  material. 

10.  The  practice  of  transferring  -to  a  common-place  book 
any   facts    of   general   interest,    will    speedily   enable   the 
student  to  form  a  copious   and  highly  valuable   store   of 
information. 


CHAPTER  II. 


Sketch  of  the  History  of  the  Science — Lost  Work  of  Theophrastus  on  Fossil 
Shells — Strabo — Ovid — Justin — Livy — Errors  and  Superstitions — Revival 
of  the  Pursuits  of  Science  with  those  of  Letters — Boccaccio — Leonardo  da 
Vinci — Fracastoro — Conrad  Gessner — Agricola — Palissy — Nicolaus  Ste- 
non — Vallisneri — Moro — Soldani — Swedenborg — Hooke — Woodward — 
Ray — Leibnitz — Lehman — Werner — Dr.  Toulmin — Dr.  Hutton — Wil- 
liam Smith — The  Geological  Society — The  British  Association  for  the 
Advancement  of  Science. 

IN  offering  a  brief  outline  of  the  progress  of  this  study,  we 
pass  over  the  extravagant  representations  of  ancient  Oriental 
writers  ;  though  it  is  probable-  that  some  of  their  opinions, 
particularly  those  on  the  antiquity  of  our  planet,  have  ori- 
ginated, not  merely  in  the  exuberance  of  Eastern  fancy,  but 
have  been  suggested  by  an  examination  of  the  physical 
structure  of  the  earth. 

We  find  in  the  works  of  several  of  the  most  distinguished 
philosophers  and  poets  of  antiquity,  frequent  allusion  to  the 
phenomena  of  geology,  and  the  occurrence  of  fossil  organic 
remains.  These  remarks,  however,  are  usually  introduced 
with  the  view  of  illustrating  other  objects,  and  are  seldom 
discussed  as  independent  questions.  In  the  destruction  of 
ancient  letters,  the  greatest  loss  which  we  have  sustained,  in 
this  department  of  knowledge,  probably  consists  in  that  of 
many  of  the  works  of  Theophrastus,  the  writer  on  natural 
history,  who,  we  are  informed,  wrote  two  books  on  fossil 
shells  ;  a  subject  which  could  scarcely  have  failed  to  lead  him 
into  discussions  as  to  their  nature  and  origin,  and  the 
agencies  by  which  they  had  been  deposited  and  preserved. 
These  writings  are  supposed  to  have  been  known  to  Pliny, 
and  to  have  afforded  him  some  information  in  that  part  of 
his  history  in  which  he  treats  of  fossil  remains.  Herodotus* 
mentions  the  occurrence  of  petrified  shells  in  the  mountains 

*  Book  ii.  sec.  12. 
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of  Egypt,  with  the  view  of  proving  that  that  country  was 
once  a  gulf  of  the  sea. 

Xenophanes,  a  Greek  philosopher,  a  native  of  Colophon, 
in  Ionia,  and  founder  of  the  Eleatic  sect  in  Sicily,  who 
flourished  535  B.C.,  promulgated  some  speculations  which 
subsequent  experience  has  proved  to  be  correct.  He  con- 
tended for  the  antiquity  of  the  earth,  the  vital  origin  of  the 
shells  which  it  entombs,  and  inferred  from  their  occurrence 
the  previous  submergence  of  the  rocks  beneath  the  waters  of 
the  sea. 

Aristotle  had  learned  from  preceding  observers  many 
events  which  had  occurred  in  the  history  of  our  globe,  and 
added  valuable  observations  of  his  own.  Prom  these  he 
inferred,  with  singular  accuracy,  the  nature  of  some  of 
the  most  important  geological  agencies;  the  filling  up  of 
rivers,  the  formation  of  deltas,  the  elevation  of  certain 
regions  by  volcanic  agency,  the  conversion  of  land  to  sea, 
and  of  sea  to  land,  and  the  universal  law  of  change,  were 
phenomena  with  which  he  was  fully  and  philosophically 
acquainted.  Strabo  affords  evidence  in  his  writings*  of 
having  made  still  farther  advances.  In  discussing  the  chief 
problem  of  ancient  times,  the  occurrence  of  fossil  shells  at 
great  elevations  and  remote  distances  from  the  sea,  he  cites, 
among  others,  the  explanation  of  Xanthus  the  Lydian,  that 
the  phenomenon  in  question  is  occasioned  by  the  diminu- 
tion and  retirement  of  the  sea,  in  a  manner  analogous 
to  the  drying  up  of  rivers,  lakes,  and  wells,  in  seasons  of 
drought.  The  philosophic  geographer,  however,  .repels  this 
and  a  similar  hypothesis  of  seas  having  burst  their  barriers 
and  formed  new  channels,  and  offers  in  explanation  a  theory 
which,  in  substance,  has  been  adopted  by  modern  philoso- 
phers, and  proved  by  indisputable  evidence  to  be  correct. 
He  boldly  asserts  that  the  cause  is  to  be  sought,  not  in 
changes  of  the  sea,  but  of  the  land,  After  stating  the 
great  probability  of  a  considerable  portion  of  the  existing 
continents  having  been  successively  sunk  beneath  and  raised 
above  the  level  of  the  ocean,  he  adds,  "  The  same  land  ia 
sometimes  upheaved,  and  sometimes  depressed,  and  the  sea 
also  is  similarly  affected.  We  must,  therefore,  ascribe  the 

*  Sec  his  Geography,  book  ii.  chap.  3. 
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cause  to  the  ground,  either  to  that  portion  which  is  under 
the  sea,  or  to  that  which  is  covered  by  it ;  and  rather  to 
the  latter,  from  its  being  rendered  more  movable  by  mois- 
ture, and  susceptible  of  greater  change."  He  continues, 
"  The  real  cause,  I  repeat,  of  all  these  changes  is,  that  the 
bed  of  the  sea  is  sometimes  accidentally  elevated,  and  some- 
times depressed." 

He  subsequently  enforces  the  necessity  of  consulting  the 
existing  phenomena  of  nature,  with  the  view  to  explain  the 
past,  "  such,"  he  observes,  "as  are  daily  occurring  to  our 
observation — the  deluges,  earthquakes,  and  elevations  or 
depressions  of  the  bed  of  the  sea ;  these  are  the  causes  of 
the  rise  or  lowering  of  the  waters."  He  adds,  that  as  expe- 
rience shows  that  not  only  small  islets,  but  islands,  and  even 
parts  of  continents,  are  raised  from  the  deep,  so  they  may 
again  be  engulfed  beneath  the  ocean. 

Lucretius,  the  contemporary  of  Julius  Caesar,  in  his 
poem  De  Nature  Rerum*  among  a  mass  of  theories  and 
vague  speculations,  states  several  facts  of  importance.  He 
attributes  the  formation  of  the  earth,  the  seas,  and  the 
atmosphere  to  the  union  of  elementary  atoms,  impelled 
by  the  laws  of  affinity ;  and  though  destitute  of  any  positive 
acquaintance  with  palaeontology  or  botany,  says,  that  before 
men  and  existing  objects  lived,  the  earth  had  produced  beings 
of  extraordinary  form,  and  vegetables  of  enormous  size. 

Ovid,  in  the  celebrated  passage  of  the  15th  book  of  his 
Metamorphoses,  while  illustrating  the  system  of  Pythagoras 
and  explaining  the  law  of  universal  change,  affords  proof  of 
an  acquaintance  with  geological  phenomena,  comprising,  in 
fact,  a  summary  of  almost  all  the  causes  now  in  operation  on 
the  earth.  They  are  so  lucidly  stated  and  explained  by  Sir 
C.  Lyell,t  that  the  reader  is  referred  to  his  excellent  work 
for  more  details,  a  selection  of  the  most  important  being 
sufficient  for  our  purpose.  Among  the  most  striking  are — 

The  conversion  of  land  to  sea,  and  sea  to  land. 

The  occurrence  of  marine  shells  at  a  distance  from  the 
ocean. 

The  excavation  of  level  plains  into  valleys,  and  the  de- 
struction of  hills,  and  removal  of  their  detritus  into  the  sea. 

*  Book  v.  f  See  the  Introduction  to  his  Principles  of  Geology. 


OTID.  21 

The  change  of  marshes  into  dry  ground,  and  of  dry  ground 
to  stagnant  pools. 

The  issuing  of  springs  during  earthquakes,  and  the  drying 
up  of  others. 

The  desertion  of  their  ancient  beds  by  rivers,  and  their 
re-appearance  in  new  channels. 

The  uniting  of  islands  with  mainlands  by  the  growth  of 
deltas  and  new  deposits. 

The  insulation  of  peninsulas  by  the  destruction  of  the 
isthmus  which  previously  connected  them  with  the  mainland. 

The  submergence  of  land  by  earthquakes,  and  the  phe- 
nomenon of  cities  appearing  beneath  a  lake. 

The  elevation  of  plains  into  hills. 

The  petrifying  power  of  certain  streams,  which  convert 
the  substances  immersed  in  them  to  marble. 

The  shifting  of  the  site  of  volcanic  action.  "  There  was  a 
time,"  says  the  poet,  "  when  Etna  was  not  a  burning  moun- 
tain, and  a  time  will  arrive  when  it  will  cease  to  burn !  " 

This  celebrated  description  has  attracted  much  attention ; 
and  the  following  lines,  which  commence  it,  have  been  quoted 
in  almost  every  introductory  work  on  geology  : — 

"  Vidi  ego  quod  fuerat  quondam  solidissima  tellus, 
Esse  fretum ;  vidi  factas  ex  sequore  terras. 
Et  procul  a  pelago  conchae  jacuere  marinse, 
Et  vetus  inventa  est  in  montibus  anchora  summis  j 
Quodque  fuit  campus,  vallem  decursus  aquarum 
Fecit,  et  eluvie  mons  est  deductus  in  aequor." 

The  truth  of  the  whole  narrative  will  be  generally  acknow- 
ledged, with  the  exception  possibly  of  the  anchor  found  on 
the  summit  of  the  hills,  which  may  be  regarded  as  a  mere 
poetic  fable ;  like  the  beautiful  but  imaginary  narrative  of 
the  destruction  of  the  phoenix  by  fire,  and  its  resuscitation 
from  its  ashes ;  or  the  explanation  of  volcanic  agency,  by 
the  assumption  that  the  earth  is  an  animal,  and  that  its 
mines  of  sulphur  taking  fire,  consume  its  internal  unctuous 
substances,  till,  these  being  exhausted,  the  flames  die  out  for 
want  of  animal  fuel !  The  last  line,  explaining  the  disinte- 
gration of  mountain-masses,  and  their  transport  to  the  bed 
of  the  ocean  by  aqueous  agency,  has  been  noticed  by  Sir  C. 
Lyell  as  somewhat  obscure.  May  it  be  permitted  to  suppose 
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a  slight  corruption  of  the  text  to  have  taken  place,  and  to 
suggest  the  requisite  emendation  ?  The  mere  change  of 
two  letters,  by  substituting  "  alluvie "  for  "  eluvie,"  will 
render  this  description  of  alluvial  action  perfectly  clear  and 
satisfactory.  The  mistake  is  one  which  might  easily  have 
been  committed  by  a  transcriber,  and  which  in  the  then 
imperfect  state  of  natural  science  might  have  passed 
unnoticed. 

Justin,  to  whom  we  owe  the  preservation  of  several  curious 
passages  of  Trogus  Pompeius,  seems  to  adopt  the  sentiment 
of  that  historian  as  to  the  igneous  origin  of  our  planet.  He 
is  of  opinion,  that  the  refrigeration  having  taken  place  at 
the  poles,  the  Scythians  must  have  been  the  first  inhabitants 
of  the  earth !  Livy  has  occasional  notices  of  natural  pheno- 
mena, disfigured,  however,  by  his  prevailing  superstition. 
He  informs  us,*  for  instance,  that  at  the  period  immediately 
preceding  the  death  of  Hannibal,  fearful  prodigies  occurred. 
It  rained  blood,  he  states,  for  three  days  in  the  court  of  the 
Temple  of  Concord,  and  a  new  island  rose  out  of  the  sea 
opposite  to  the  coast  of  Sicily.  The  former  phenomenon  is 
ascertained  to  have  been  occasioned  by  an  insect,  a  butterfly 
of  the  genus  Vanessa,  which,  on  emerging  from  its  pupa 
state,  is  known  to  emit  drops  of  red  liquor,  so  that  a  swarni 
of  these  creatures  would  naturally  produce  a  shower  resem- 
bling one  of  blood.  A  circumstance  of  like  nature  which 
occurred  at  Aix,  in  France,  in  the  year  1608,  occasioned 
similar  alarms,  which  were  dispelled  by  the  celebrated 
Peiresc,  who  had  paid  considerable  attention  to  entomology 
and  the  transformation  of  insects.  The  apparition  of  the 
new  island  has  its  analogy  in  the  elevation  of  the  volcanic 
isle  of  the  Mediterranean,  which  rose  from  the  deep  a  few 
years  since,  and  shortly  after  sank  again  beneath  the  waters. 
These  natural  occurrences,  however,  which  modern  science 
can  thus  easily  explain,  so  terrified  the  superstitious  Romans, 
as  to  induce  them  to  decree  a  supplication  of  the  whole 
people  to  the  altars  and  temples  of  the  gods,  to  avert  the 
calamities  which  it  was  feared  such  prodigies  portended. 

The  occurrence  of  fossil  shells  at  a  distance  from  the  isea 
is  noticed  by  several  of  the  fathers,  and  in  particular  by 

*  Book  xxxix.  c.  t>. 
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St.  Augustin  and  by  Tertullian,  who  adduce  them  in  proof 
of  the  deluge. 

The  knowledge  of  the  subject  possessed  by  the  ancients, 
of  whatever  value  or  interest  it  may  have  been,  was  entirely 
lost  during  the  benighted  ages  which  succeeded,  when  the 
darkest  ignorance  prevailed  respecting  our  earth,  and  the 
monuments  of  its  physical  history  were  associated  with 
tales  of  the  grossest  and  wildest  nature. 

It  may,  perhaps,  be  permitted  in  a  work  such  as  the 
present,  devoted  to  the  use  of  the  student,  to  enumerate  a 
few  of  the  legends  which  referred  the  phenomena  of  nature 
to  the  superstition  of  the  times.  There  is,  in  fact,  scarcely 
a  single  fossil  object  which  is  not  in  some  way  mixed  up 
with  absurdities  of  this  kind.  Thus  Pliny  relates,  that  the 
tubular  pointed  shell  dentalium  was  supposed,  if  used  as  a 
toothpick,  to  afford  an  infallible  remedy  for  the  toothache. 
The  ammonite  shells  were  believed  to  be  so  many  petrified 
snakes,  and  the  history  and  mystery  of  their  fate  was  con- 
ceived to  be  that,  as  they  abounded  in  the  vicinity  of  Whitby 
in  Yorkshire,  near  the  abode  of  St.  Hilda,  and  constituted  a 
very  considerable  annoyance,  the  inhabitants  requested  the 
saint  to  use  her  eiforts  that  the  nuisance  might  be  abated 
and  the  snakes  destroyed,  with  which  prayer  the  lady  gra- 
ciously complied,  by  first  praying  their  heads  off,  and  then 
praying  them  into  stone!  The  legend  is  recorded  in  the 
poetry  of  Scott : — 

"  And  how  the  nuns  of  Whitby  told, 
How  of  countless  snakes,  each  one 
Was  changed  into  a  coil  of  stone — 
When  holy  Hilda  prayed, 
Themselves  within  their  sacred  bound, 
Their  stony  folds  had  often  found." 

MARMION,  Canto  n. 

To  so  late  a  period  did  this  superstition  prevail,  that  the 
author  of  a  modern  scientific  work,*  relates  the  instance  of 
a  dealer,  who  having  been  requested  by  his  customers  to 
supply  them  with  some  of  the  creatures  which  had  escaped 
decapitation,  contrived  to  manufacture  some  heads  of 
plaster  of  Paris,  and  affix  them  to  the  specimens  ;  and  thus 

*  Sowcrby,  Mineral  Conchology,  v.  ii.  p.  y. 
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pursued  a  thriving  trade,  till  some  remorseless  geologist, 
who  visited  the  place,  not  only  beheaded  the   reptiles,  but 

showed  that  they  were  in  rea- 
lity fossil  shells.  They  are  now 
manufactured  at  Whitby  by 
filing  the  extremity  of  the  last 
whorl  into  th  e  shape  of  a  snake' s 
head,  and  the  accompanying 
illustration  is  from  a  specimen 
recently  procured  from  that 
place. 

Another  legend,  referring  in 
like  manner  to  a  familiar  fossil 
object,  is  also  mentioned  in  the 
FlG  2  above  poem.   The  fragments  of 

the  steins  ofcrinoidea  so  com- 
monly found  in  the  older  deposits,  being  hollow,  were  fre- 
quently strung  and  used  as  rosaries  in  the  middle  ages  ; 
they  were  called  St.  Cuthbert's  beads,  and  are  thus  men- 
tioned : — 

"  Nor  did  St.  Cuthbert's  daughters  fail 
To  vie  with  them  in  holy  tale 

*  *  #  # 

On  a  rock  by  Lindisfarn, 
St.  Cuthbert  sits,  and  toils  to  frame 
The  sea-born  beads  that  bear  his  name." 

MARMION,  Canto  L 

These  fossils  bore,  in  Germany,  the  several  names  of 
spangensteine  or  bead-stones  ;  roeder-steine  or  wheel-stones  ; 
Bonifacius-pfennige  or  St.  Boniface's  pennies,  being  found 
in  great  numbers  on  a  mountain  near  Granserode  in  the 
neighbourhood  of  Prankenhausen,  which  mountain  obtains 
its  name  from  that  saint ;  while  in  Westphalia  they  are 
called  hiinenthranen,  from  being  considered  the  petrified 
tears  of  the  giants.  They  are  also  variously  termed  mill- 
stones, cheesestones,  basketstones,  caskstones,  &c.,  from 
their  presumed  resemblance  to  those  objects. 

The  echinites  were  severally  termed  ombria,  from  the 
Greek  word  o^pos,  signifying  the  heavy  rain  in  which  they 
were  supposed  to  fall ;  brontia,  from  /Spoi/r?;,  the  thunder  in 
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which  they  were  also  believed  to  be  thrown  to  the  earth ; 
ceraunii  lapides,  from  Kepuwos,  the  lightning  by  which  they 
were  presumed  to  be  generated  and  formed  in  the  air; 
chelonites,  from  the  resemblance  in  their  sutures  to  the  shells 
of  the  tortoise ;  and  ova  anguinum,  from  having  been  con- 
sidered by  some  as  the  eggs  of  serpents. 

Various  virtues  and  supernatural  powers  were  attributed 
to  different  minerals  and  fossil  remains.  They  were  worn  as 
amulets  and  relics,  and  an  especial  value  was  assigned  to  the 
mineral  harmotome,  or  cross-stone,  on  account  of  the  sacred 
emblem  of  which  it  was  supposed  to  be  the  type.  Pliny 
relates  that  the  Ethiopians  attached  great  sanctity  and  value 
to  ammonites,  whether  converted  to  stone  or  iron  pyrites. 
They  are  still  venerated  in  like  manner  by  the  Hindoos.  The 
nummulite  was  the  subject  of  many  a  German  legend  under 
the  name  of  the  ^auern-pfennige,  or  peasant's  penny,  and 
teufelsgeld,  or  devil's  money,  under  which  appellation  it  was 
equally  known.  In  certain  parts  of  Spain,  as  recently  as 
1835,  many  individuals  wore  the  shells  of  terelratulcB  in 
their  pockets,  as  an  infallible  specific  against  cholera !  The 
petrified  teeth  of  sharks  were  conceived  to  act  as  a  charm 
against  various  maladies.  Under  the  name  of  glossopetra 
they  were  believed  to  be  the  tongues  of  serpents  or  birds. 
At  Malta  they  were  supposed  to  be  those  of  vipers  petrified 
by  St.  Paul;  while  at  Krain  they  bore  the  name  of  teu- 
felsklauen,  from  an  idea  there  entertained  that  the  evil 
spirit  had  torn  his  claws  in  the  clefts  and  crevices  of  the 
mountain.  The  list  of  delusions  may  perhaps  be  closed  with 
the  fact  that  the  occurrence  of  the  remains  of  the  elephant  and 
mastodon  in  superficial  deposits,  and  the  casual  resemblance 
of  the  teeth  of  the  latter  animal  to  those  of  the  human 
species,  have  probably  given  rise  to  the  fables  which  prevail 
in  the  mythology  of  all  nations,  of  the  existence  of  giants, 
who,  having  warred  against  the  gods,  were  overcome  by 
their  celestial  opponents,  and  crushed  beneath  the  rocks. 
The  most  recent  imposture  is  the  skeleton  which,  in  the 
reign  of  Louis  XIII.,  was  pretended  to  be  that  of  Teuto- 
bochus,  king  of  the  Cimbri,  who  fought  against  Marius. 
The  following  are  the  circumstances  which  gave  rise  to  the 
tale  : — 

On  the  llth  of  January,  1613,  in  a  sandpit  near  the 
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Chateau  de  Chaumon,  between  the  towns  of  Montricoux, 
Serras,  and  St.  Antoine,  some  bones  were  found,  several  of 
which  were  broken  by  the  workmen.  A  surgeon  of  Beaure- 
paire,  named  Mazurier,  informed  of  this  discovery,  possessed 
himself  of  the  bones,  and  contrived  to  turn  them  to  good 
account.  He  gave  out  that  he  had  found  them  in  a  sepul- 
chre, thirty  feet  in  length,  upon  which  were  inscribed  the 
words  "  Teutobochus  Rex"  He  added,  that  at  the  same 
time  he  found  fifty  medals  bearing  the  head  of  Marius.  He 
published  these  stories  in  a  pamphlet,  by  means  of  which 
the  curiosity  of  the  public  being  aroused,  he  exhibited,  for 
money,  the  bones  of  the  pretended  giant  at  Paris  and  other 
cities.  Gassendi  mentions  a  Jesuit  of  Tournon  as  the 
author  of  the  pamphlet,  and  proves  that  the  pretended 
antique  medals  were  fabricated,  their  inscriptions  being  in 
Gothic  letters  instead  of  Roman. — As  for  the  bones,  after 
having  been  exhibited  as  above-mentioned,  they  were  put  by 
in  a  chest  at  Bordeaux,  and  it  was  not  till  after  the  lapse  of 
two  centuries,  in  destroying  a  theatre,  "La Salle de Moliere" 
a  few  years  since,  in  that  city,  that  these  royal  remains  were 
rediscovered,  when  they  were  recognised  to  be  those  of  a 
mastodon.  The  list  of  works  cited  by  Cuvier  as  having  been 
written  during  this  controversy  is  long  and  curious. 

The  celebrated  naturalist  Scheuchzer,  who,  with  very  con- 
siderable talents  and  attainments,  possessed  an  equal  share 
of  credulity,  wrote  a  treatise  on  a  fossil  skeleton,  under  the 
title  of  Homo  Diluvii  Testis  et  Theoscopos,  the  object  of 
which  was  to  prove  the  remains  in  question  to  be  those  of 
an  individual  who  had  been  destroyed  by  the  deluge,  but 
which  Cuvier  decided  to  belong  to  a  salamander,  of  extinct 
species  and  enormous  size.  A  similar  specimen  is  placed  in 
the  British  Museum  (Mineral  Gallery,  room  iii.  case  1). 
The  accompanying  illustration  depicts  the  subject  of  Scheuch- 
zer'a  treatise. 

On  the  fall  of  the  Roman  empire,  the  natural  sciences 
were  cultivated  with  some  degree  of  success  by  the  Orientals; 
but  we  have  no  evidence  that  they  acquired  any  further 
knowledge  of  the  structure  of  the  earth  than  was  possessed 
by  the  Greeks  and  R/omans. 

After  the  revival  of  letters  the  phenomena  of  geology 
began  to  engage  the  attention  of  the  nations  of  the  West. 
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Among  the  earliest  inquirers,  Brocchi*  informs  us,  there 
are  two,  of  whom  letters  and  the  arts  may  be  justly  proud. 
Boccaccio,  born  at  Certaldo,  a  small  town  of  Tuscany,  must 
have  been  accustomed  from  his  childhood  to  observe  the 
immense  assemblage  of  fossil  shells,  of  which  the  hills  of  that 
region  are  composed.  In  his  romance  of  "  Filocopo "  he 
describes  them  with  much  emphasis,  adducing  them  as  proofs 
of  the  sea  having  once  covered  the  land. 

The  celebrated  painter  LEONARDO  DA  VINCI,  who  united 
the  avocations  of  an  architect  and  civil  engineer  with  that  of 
an  artist,  and  had  thus  become  acquainted  with  the  structure 
of  the  earth,  eagerly  took  part  in  inquiries  of  this  nature : 
an  opinion  having  been  expressed  that  these  objects  owed 
their  origin  to  the  stars,  he  denounced  it.  as  absurd,  and 
ridiculed  the  idea  of  such  a  cause  being  sufficient  to  produce 
the  occurrence  of  different  petrifactions  in  the  same  spot, 
as  leaves,  sea-weeds,  and  Crustacea. 

ERACASTORO,  a  celebrated  physician  and  naturalist  of 
Verona,  in  1517  took  part  in  the  two  grand  disputes  then 
prevailing.  The  first  was,  whether  fossil  shells  belonged  to 
animals  which  had  lived  and  multiplied  on  the  spot  where 
these  relics  were  found;  a  proposition,  the  affirmative  of 
which  he  strongly  maintained.  The  second  related  to  the 
question  whether  these  phenomena  were  caused  by  the 
deluge,  a  notion  which  he  as  strongly  opposed,  contending 
that  the  transient  nature  of  the  flood,  and  the  fluviatile  cha- 
racter of  its  waters,  were  calculated  merely  to  strew  such 
objects  over  the  face  of  the  earth,  but  were  insufficient  to 
bury  them  in  the  strata  of  mountains,  at  the  depths  in  which 
they  now  lie  entombed.  Science,  which  had  revived  in  Italy, 
soon  diffused  itself  in  other  regions ;  and  Germany,  a  country 
abounding  in  mines  which  presented  admirable  facilities  for 
investigating  the  structure  of  the  earth,  produced  philoso- 
phers, whose  ardour  and  genius  contributeid  in  an  important 
degree  to  the  advancement  of  philosophical  knowledge. 

CONRAD  GESSKER,  born  at  Zurich,  1516,  was  one  of  the 
most  learned  and  gifted  men  of  his  time.  He  is  usually 
termed  the  Pliny  of  Germany ;  and  when  we  consider  the 

*  See  his  Introductory  Discourse  to  the  Study  of  Fossil  Conchology  in 
Italy. 
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comparative  shortness  of  his  life,  the  variety  and  extent 
of  his  attainments,  and  his  proficiency  in  literature  and 
philology,  as  well  as  in  medical  and  natural  science,  we 
must  acknowledge  that  while  he  resembled  the  immortal 
Swede  in  the  ardour  and  success  of  his  inquiries,  he  may 
be  said  to  claim  the  pre-eminence  for  the  wider  range  and 
greater  universality  of  his  merits.  His  biography  presents 
events  of  considerable  interest :  born  of  poor  parents,  his 
father  being  a  furrier,  he  was  assisted  in  completing  his 
education  by  his  maternal  uncle,  Jean  Prick,  a  minister, 
who  perceived  his  dawning  genius,  and  instructed  him  in 
literature  and  in  botany  as  it  was  then  known.  But  his 
uncle  having  died,  and  his  father  being  killed  in  the  battle 
of  Zug,  the  youthful  student  saw  himself  compelled  to  seek 
his  fortune  abroad,  and  to  finish  his  studies  by  the  aid  of 
charitable  sympathy  and  private  friendship.  He  was  thus 
indebted  to  the  kindness  of  the  canons  of  Zurich,  and  to  a 
young  friend,  a  native  of  Bern,  whose  name,  Jean  Steiger, 
well  deserves  a  record.  In  the  pursuit  of  knowledge,  he 
visited  Strasburg,  Paris,  and  Bourges,  and  returned  to  his 
native  place  to  assume  the  duties  of  a  schoolmaster ;  which 
occupation,  however,  he  quitted  for  the  practice  of  medicine. 
He  subsequently  became  professor  of  Greek  at  the  uni- 
versity of  Lausanne,  obtained  the  degree  of  .doctor  of  medi- 
cine at  Bale,  and  continued  to  practise  as  a  physician  at 
Zurich,  pursuing  his  scientific  labours  in  conjunction,  with 
the  exercise  of  his  profession.  Having  devoted  his  attention 
to  patients  attacked  with  the  plague,  which  then  unhappily 
prevailed,  he  perceived  the  symptoms  of  the  malady  on  his 
own  person,  and  feeling  the  attack  to  be  mortal,  repaired  to 
his  cabinet  to  arrange  his  papers,  and  calmly  to  await,  like  a 
philosopher,  the  approach  of  death,  which  occurred  on  the 
fifth  day  of  the  malady,  in  the  prime  of  his  life  and  powers, 
in  the  forty-ninth  year  of  his  age.  The  pursuits  of  Gessner 
were  of  the  most  varied  and  dissimilar  kinds,  and  his  emi- 
nence undisputed  in  all.  His  favourite  studies  were  phi- 
lology and  literary  history,  together  with  the  theory  and 
practice  of  medicine,  associated  with  the  physical  sciences 
as  far  as  they  were  then  known,  comprising  the  study  of 
botany,  fossils,  minerals,  and  geology.  He  was  equally 
skilled  in  the  arts,  and  drew  the  illustrations  for  his  various 
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works  with  a  fidelity  and  skill  which  have  frequently  been 
acknowledged  and  admired.  His  most  important  literary 
production  is  his  Bibliotheca  Universalis,  or  catalogue  of  all 
known  authors  in  Latin,  Greek,  and  Hebrew,  a  work  of 
immense  learning  and  labour ;  as  well  as  his  Mitkridates,  a 
philological  performance,  in  which  we  find  the  Lord's  Prayer 
in  the  twenty-two  languages  with  which,  like  the  monarch 
after  whom  his  treatise  is  entitled,  he  was  acquainted.  He 
farther  edited  a  great  number  of  classic  authors,  and  we  owe 
to  him  the  first  translation  of  ./Elian.  His  most  valued  per- 
formance in  natural  history  is  his  Historia  Animalium,  which 
may  be  regarded  as  the  foundation  of  modern  zoology ;  while, 
as  a  botanist,  he  was  the  first  to  arrange  plants  in  the  order 
of  classes,  genera,  and  species,  and  thus  to  raise  this  study  to 
a  system.  His  work  De  Rebus  Fossilibus  contains  figures  of 
many  fossils  well  represented :  he  does  not  appear  to  have 
decided  whether  these  objects  were  the  remains  of  living 
beings,  or  were  produced  by  natural  forces ;  opinions  which 
divided  the  savans  of  Europe  for  more  than  a  century  after 
his  death.  His  personal  character  was  as  amiable  as  his 
philosophical  attainments  were  eminent;  pious  and  pure, 
gentle  and  unassuming,  he  was  equally  admired  and  beloved. 

BERNARD  PALISST,  born  in  the  diocese  of  Age»,  in  France, 
in  1499,  was  among  the  first  who  maintained  that  fossil 
shells  found  in  rocks  were  the  remains  of  marine  animals ; 
he  argued  from  the  state  of  preservation  in  which  they  were 
discovered,  with  their  most  delicate  spines  and  processes 
preserved,  that  they  could  not  have  been  transported  from  a 
distance  by  an  inundation  of  water,  but  must  have  lived  and 
died  on  the  spot  where  they  were  found. 

This  idea  formed  the  germ  of  the  great  truths  which 
subsequent  discoveries  have  more  fully  unfolded.  Paleonto- 
logy, thus  born  on  the  soil  of  Erance,  has  ever  been  most 
largely  indebted  for  its  advancement  to  her  distinguished 
philosophers.  It  is,  also,  to  Palissy  that  agriculture  is 
indebted  for  the  discovery  of  the  use  of  marl  as  a  mineral 
manure. 

The  progress  of  natural  history  in  Italy  may  be  estimated 
from  the  taste  which  arose  towards  the  close  of  the  sixteenth 
century,  for  forming  and  describing  collections.  The  richest 
then  existing  in  Italy,  as  we  are  informed  by  Brocchi,  was 
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tliat  of  the  Vatican,  formed  under  Pope  Sixtus  V.,  and 
arranged,  described,  and  figured  by  Mercati,  whose  amount 
of  philosophic  knowledge  may,  however,  be  estimated  by  the 
fact,  that  he  attributed  fossils  to  the  agency  of  the  celestial 
bodies.  The  collection  of  the  Vatican  was  dispersed  soon 
after  the  death  of  Mercati;  but  others  were  formed  at 
Verona,  Naples,  Milan,  Bologna,  and  other  cities  of  Italy, 
which  soon  led  the  way  to  more  correct  opinions.  Thus 
Cesalpini,  the  botanist,  (1596,)  may  be  mentioned  as  one 
among  the  earliest  who  determined  the  real  nature  of 
fossils,  ascribing  them,  in  distinct  terms,  to  "the  retiring 
of  the  sea  and  the  lapidification  of  the  soil."  Fabio  Colonna, 
another  botanist  of  eminence,  (1626,)  achieved  a  still  farther 
progress,  and  showed  not  only  the  reality  of  the  shells,  but 
arranges  them  according  to  distinct  genera  and  species, 
proving  that  some  were  referable  to  marine,  others  to  fresh- 
water kinds,  and  that  the  teeth  found  with  the  marine  spe- 
cies were  not  those  of  serpents,  as  had  been  supposed,  but 
of  sharks.  He  farther  pointed  out  the  difference  between 
the  petrified  shell,  the  impression,  and  the  cast  which  the 
decomposition  of  the  shell  left  in  the  substance  which  it  has 
inclosed.  Steno,  as  he  is  called  by  the  Italians,  but  wrhose 
name  in  his  native  tongue  is  JSTicolaus  Stenon,  a  native  of 
Copenhagen,  naturalised  in  Italy,  who  flourished  about  the 
middle  of  the  seventeenth  century,  was  an  able  anatomist 
and  physiologist,  one  of  the  earliest  who  observed  and 
described,  with  accuracy,  the  muscular  and  nervous  systems, 
and  the  structure  and  functions  of  the  brain.  He  alike 
directed  his  inquiries  to  mineralogy  and  geology*.  His  work, 
De  Solido  intra  Solidum  contento,  displayed  many  sound  and 
philosophic  principles,  mingled  with  several  of  the  prevailing 
errors  of  the  time,  and,  in  deference  to  existing  prejudices, 
were  rather  submitted  as  propositions  than  affirmed  as 
facts.  He  was  one  of  the  first  to  make  known  the  fossi1 
bones  found  in  such  great  abundance  in  the  Val  d'Arno, 
in  Tuscany.  He  contended  for  the  vital  origin  of  fossil 
remains,  but  considered  that  they  might  have  been  produced 
by  the  Noachian  deluge.  He  farther  asserted  that  fossil 
vegetables  are  the  remains  of  once  living  plants,  and  that 
the  mountains  are  of  secondary  origin,  formed  since  the 
creation  of  the  earth.  He  was  a  man  of  a  very  powerful 


32  HISTOET   OF   THE   SCIENCE. 

and  gifted  mind,  highly  improved  by  careful  study  and  cultiva- 
tion, and  would,  doubtless,  have  effected  much  more  for  science, 
had  not  his  attention  been  called  away  to  other  objects. 

SCILLA,  a  Sicilian  painter,  published,  in  1670,  a  work  on 
the  fossils  of  Calabria,  in  which  he  vindicated  the  vital  origin 
of  these  objects,  ascribing  them  to  the  agency  of  the  deluge. 
QUIRENT,  (1690,)  in  a  work  descriptive  of  fossil  shells,  ex- 
presses opinions  far  more  advanced :  he  maintains  that 
petrified  shells  cannot  have  originated  from  the  deluge 
recorded  by  Moses ;  intimates  that  the  Scriptural  relation  of 
this  event  is  not  to  be  subjected  to  a  strictly  literal  inter- 
pretation, and  suggests,  among  other  propositions,  the  idea 
that  the  visitation  in  question  was  by  no  means  universal  in 
its  prevalence.  In  support  of  these  positions,  he  denies 
that  bodies  of  such  considerable  weight  could  possibly  have 
been  floated  to  the  summits  of  lofty  mountains,  or  that  the 
agitation  of  the  waves  could  have  produced  such  a  result ; 
citing  the  statement  of  Boyle,  then  recently  published,  that 
the  most  furious  storms  affect  the  sea  only  to  a  moderate 
depth.  He  is  still  less  inclined  to  the  doctrine  of  the  shells 
having  grown  in  the  waters  of  the  deluge,  on  account  of  the 
brief  duration  of  that  event,  and  the  fact  that  the  excessive 
rains  must  have  deprived  the  sea  of  its  saltness. 

VALLISFERI  (1721)  was  distinguished  for  the  philosophic 
freedom  of  his  doctrines,  contending  against  the  univer- 
sality of  the  deluge,  and  its  adequacy  to  account  for  the 
existence  of  fossils.  MOEO  (1740)  advocated  the  efficacy 
of  igneous  causes,  and  demonstrated  the  elevation  of 
mountains,  and  the  occurrence  of  other  phenomena,  to 
have  been  caused  by  their  agency ;  while  at  the  same  time 
he  strenuously  contended  for  the  literal  interpretation  of 
the  six  days  recorded  in  the  Mosaic  account  as  the  period 
of  creation,  commencing  first  with  the  prevalence  of 
water,  and  next  of  animals  and  plants.  His  system  bears 
a  resemblance  to  that  subsequently  promulgated  by  Hut- 
ton,  for  which  it  may  have  furnished  some  ideas.  Sir  C. 
Lyell  has  observed,  that  as,  from  the  prolixity  of  his  style 
and  the  novelty  of  his  views,  he  required  an  expositor,  the 
Scottish  philosopher  was  not  more  fortunate  in  the  advo- 
cacy of  Professor  Playfair,  than  was  Moro  in  that  of  his 
admirer  Generelli,  who,  nine  years  after,  delivered  to  the 
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assembled  Academicians  of  Cremona  a  spirited  exposition  of 
his  theory.  It  may  be  stated  as  a  farther  and  singular  coin- 
cidence, that  as  we  owe  to  Professor  Playfair,  in  later  times, 
the  idea  of  a  destructive  and  conservative  power  in  nature, 
which  form  a  counterbalance  to  each  other ;  Generelli  con- 
cludes with  enforcing  the  same  principle,  and  contends  that 
Providence  has  constantly  raised  from  the  deep  fresh  moun- 
tains to  supply  the  disintegration  of  others, — a  fact,  lie  adds, 
which  satisfactorily  accounts  for  the  number  of  Crustacea  and 
other  marine  objects  now  found  in  many  mountains. 

MAESILLI  (1740)  pointed  out  the  very  important  truth 
that  fossil  shells  are  not  distributed  at  random,'  but  in  certain 
associations  of  genera, — a  fact  which,  somewhat  later  (1750), 
was  more  fully  established  by  DONATI.  TAEGIONI  (1754) 
proved  that  the  elephants  whose  remains  were  abundantly 
discovered  in  various  parts  of  Italy,  once  existed  on  the 
strata  from  which  their  relics  are  exhumed  ;  while  AEDTTOTO 
(1759)  made  the  important  advance  of  classifying  the  rocks 
into  primary,  secondary,  and  tertiary  deposits. 

BALDASAEI  (1767),  in  a  memoir  on  a  fossil  jaw-bone  (that 
of  a  mastodon),  enters  into  many  philosophical  speculations, 
and  establishes  several  important  principles  of  geology.  One 
is,  that  the  sea  has  certainly  had  a  permanent  abode  on  our 
continents, — a  doctrine  which  he  founds  on  the  three  con- 
vincing facts,  the  regular  distribution  of  marine  objects  in 
the  strata  of  mountains,  the  natural  position  presented  by 
corals  and  other  zoophytes,  and  the  circumstance  that  the 
calcareous  strata  are  perforated  by  PJiolades.  He  inculcated, 
almost  in  the  same  words,  the  excellent  principle  adopted  by 
the  early  members  of  the  Geological  Society,  to  collect 
materials  before  forming  systems  ;  and  states  that  it  is  with 
this  view  that  he  calls  attention  to  the  fossil  jaw  in  question, 
which  was  procured  from  Monte  Pullonico,  in  the  territory 
of  Sienna,  and  which  he  correctly  refers  to  those  described 
by  Gruettard,  as  having  been  discovered  in  America  and 
India,  and  which  are  now  recognised  as  those  of  the 
mastodon. 

SOLDAKI  (1789)  is  celebrated  for  the  comprehensive 
nature  of  his  inquiries,  and  the  philosophic  accuracy  of  his 
decisions.  "While  he  devoted  especial  attention  to  micro- 
scopic investigation,  and  published  a  splendid  work  on 
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minute  zoophytes  and  shells,  he  formed  the  most  enlarged 
views  of  nature,  devoting  his  attention  to  the  structure  of 
the  earth,  the  action  of  water,  the  formation  of  mountains, 
and  the  composition  of  rocks.  It  may  be  cited  as  his 
highest  eulogium,  that  he  was  too  much  in  advance  of  his 
contemporaries  to  be  esteemed  or  appreciated  by  them. 
His  great  work*  was  so  coldly  received  by  the  public, 
that  he  was  about  to  commit  to  the  flames  the  greater  part 
of  the  manuscript  of  the  second  volume,  and  actually  con- 
signed to  the  brazier  the  whole  of  the  copperplates.  But  his 
writings,  scarcely  appreciated  at  home,  were  prized  and 
studied  abroad, — in  Germany  by  Fischer  and  by  Moll,  and 
in  France  by  Montfort;  while  his  countryman,  Professor 
Eicca,  called  attention  to  his  merits,  and  pronounced  a 
public  eulogy  on  him  some  years  after  his  decease.  Brocchi 
adds,  that  he  is,  even  now,  scarcely  honoured  in  propor- 
tion to  his  deserts,  and  in  particular,  that  having  been  the 
first  to  call  attention  to  the  occurrence,  in  various  parts 
of  Italy,  of  fresh-water  deposits  among  those  of  a  marine 
origin,  and  the  first  to  point  out  the  alternation  of  marine 
and  fresh-water  strata  in  Xaris'  basin,  his  admirable  obser- 
vations have  been  passed  over  in  silence  by  later  writers,  to 
whom,  however,  they  could  not  have  been  unknown. 

The  history  of  geological  inquiry  during  the  sixteenth  and 
seventeenth  centuries  consisted  chiefly  of  a  series  of  contests 
on  the  questions  of  the  organic  nature  of  fossil  objects,  and 
their  deposition  by  the  deluge ;  a  compromise  being  usually 
effected,  naturalists  conceding  what  they  considered  the 
minor  point,  the  universality  and  power  of  the  flood,  in 
order  to  secure  the  more  important  admission,  the  animal 
origin  of  fossil  remains.  Towards  the  close  of  this  period, 
Leibnitz,  in  his  Protogcea,  published  those  views  of  the 
original  incandescence  of  our  planet,  and  its  subsequent 
refrigeration,  which  later  inquiries  have  tended  so  largely  to 
confirm.  Another  distinguished  mathematician  of  the  same 
era,  Dr.  Hooke,  promulgated,  in  his  writings,  similarly  just 
and  enlightened  views  of  the  organic  nature  of  fossils, — the 
extinction  of  species, — the  former  tropical  climate  of  the 
earth, — the  effects  of  volcanic  action,  subterranean  and  sub- 

*  Testaceographia  ac  Zoophytographia  parya  et  microscopia,  3  vpls. 
fol.  1789—1791. 
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marine, — the  elevation  and  depression  of  the  land,  &c.  &c. 
The  celebrated  naturalist,  Ray,  had  already  lent  the  weight 
of  his  character  and  attainments  to  this  new  but  progressive 
study ;  and  Dr.  "Woodward  subsequently  farther  promoted 
its  cultivation  by  bequeathing  his  collection  to  the  University 
of  Cambridge,  and  endowing  a  professorship  of  the  science. 
The  naturalists  of  Italy,  already  mentioned,  Vallisneri,  Moro, 
Generelli,  Donati,  Targioni,  and  others,  prosecuted  their 
inquiries  with  energy  and  success,  and  Linnaeus  directed  his 
investigations  to  the  structure  of  the  earth.  He  contended 
against  the  universality  of  the  deluge;  arranged  the  different 
formations  in  a  natural  order  of  succession;  showed  that 
the  calcareous  deposits  are  of  vital  origin,  composed  of 
zoophytes  and  shells,  and  proved  that  animal  as  well  as 
vegetable  remains  have  contributed  to  make  up  the  solid 
crust  of  the  earth.  Buff  on' s  Des  Epoques  de  la  Nature  largely 
promoted  the  advancement  of  geology.  The  illustrious  zoolo- 
gist's magical  pen  portrayed  with  all  the  brilliancy  of  graphic 
description,  the  changes  that  have  taken  place  in  the  earth's 
crust  during  the  epochs  of  its  past  history.  The  countrymen 
of  Leibnitz  successfully  prosecuted  the  same  inquiries ;  and, 
in  the  year  1759,  Lehman,  director  of  the  Prussian  mines, 
a  skilful  mineralogist  and  chemist,  published  a  work,  in 
which  he  classified  the  rocks  into  primary,  secondary,  and 
tertiary,  in  the  same  year  that  Arduino  proposed  a  similar 
arrangement. 

EMANUEL  SWEDEKBORG  (1720),  in  the  early  part  of  his 
career,  acquired  considerable  proficiency  in  the  physical 
sciences,  traces  of  which  are  discernible  in  his  la'ter  writings. 
His  publication  entitled  Opera  PhilosopJiica  et  Mineralogica, 
in  three  volumes  folio,  with  numerous  engravings,  was  justly 
regarded  as  a  most  extraordinary  performance.  His  scien- 
tific observations  contain  some  sound  principles  and  instruc- 
tive facts;  the  nebular  theory  of  the  solar  system,  the 
original  fluidity  of  our  planet,  and  its  various  preparatory 
changes,  as  opposed  to  the  prevailing  idea  of  its  instantaneous 
creation  in  its  present  matured  condition ;  the  succession  of 
various  tribes  of  animals  and  plants;  these,  with  other 
assertions,  the  truth  and  accuracy  of  which  have  been  demon- 
strated by  modern  science,  are  the  lights  which  shine  through 
the  mystical  philosophy  which  pervades  his  works. 

D  2 
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WERNER,  who  succeeded  to  the  professorship  of  miner- 
alogy at  Freyberg,  in  Saxony,  in  1775,  directed  his  views 
from  that  science  to  geology,  and  the  general  structure 
of  the  earth ;  and,  by  his  genius  and  eloquence,  obtained 
for  a  lengthened  period  universal  favour  and  popularity. 
As  the  summary  of  his  system,  it  may  be  stated,  that  water 
was  considered  the  universal  agent  in  the  formation  of 
rocks,  which  from  the  granite  up  to  the  most  recent  beds, 
were  regarded  as  aqueous  deposits ;  while  volcanoes,  which 
constitute  so  important  a  cause  in  their  production,  were 
conceived  to  be  merely  of  recent  date,  and  to  have  been 
quite  unknown  and  inoperative  in  the  ancient  history  of  the 
earth.  From  the  universal  agency  thus  ascribed  to  water, 
his  followers  were  termed  Neptunists ;  while  their  oppo- 
nents, who  advocated  the  igneous  origin  of  many  rocks,  and 
maintained  the  action  of  fire,  were  termed  Vulcanists. 

The  faults  of  Werner  and  his  system,  the  dogmas  of  the 
universal  operation  of  water,  and  the  utter  exclusion  of  an 
agent  so  obvious  as  fire,  have  long  since  been  exploded.  His 
errors,  both  of  theory  and  practice,  are  to  be  ascribed  to  the 
position  of  the  man,  and  the  prejudices  which  that  position 
induced.  As  a  mineralogist,  he  was  led  by  his  peculiar  bias 
for  classification,  to  apply  a  strict  and  contracted  method  of 
arangement  to  phenomena,  too  vast  and  varied  for  so  narrow 
a  limitation  ;  and,  in  practice,  he  formed  his  conclusions  as 
to  the  structure  of  the  whole  earth,  from  the  partial  investi- 
gation of  a  single  district.  Hence,  his  system  has  met  with 
the  fate  of  all  those  which  form  extensive  generalisations  on 
few  and  insufficient  data,  and  which  attempt  to  explain  the 
vast  operations  of  nature  from  observations  of  local  extent 
and  limited  influence.  He  formed  a  world  on  the  model 
of  the  valleys  of  Saxony,  rejected  the  possibility  of  igneous 
rocks,  when  the  inspection  of  the  trap-dikes  in  the  Hartz 
mountains  would  have  convinced  him  of  their  reality ;  and 
denied  the  existence  of  ancient  volcanoes,  when  a  journey 
to  Auvergne  would  have  satisfied  him  of  their  existence. 
He  was,  however,  a  man  of  a  very  high  order  of  mind,  gifted 
with  genius,  energy,  and  eloquence  ;  while,  as  a  mineralogist, 
he  was  eminently  acute  and  skilled  in  the  power  of  classi- 
fication and  arrangement,  as  well  as  in  determining  the  order 
and  succession  of  local  deposits.  His  errors  have  served 
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as  a  guide  to  later  observers,  who,  warned  by  his  example, 
first  seek  sufficient  data  before  they  presume  to  propose  a 
theory,  and  visit  the  scene  of  inquiry  ere  they  attempt  to 
form  a  judgment  as  to  the  phenomena  which  it  presents. 

Meanwhile  DE  SATJSSURE  and  PALLAS  had  arrived  at 
similar  conclusions,  by  means  of  independent  researches ; 
the  one  by  the  exploration  of  Switzerland  and  the  Alps,  and 
the  other  by  that  of  Siberia  and  the  Ural  mountains,  both 
recognising  the  existence  of  internal  heat,  and  its  operation 
in  raising  portions  of  the  earth's  surface  into  mountains. 

DE.  TOTJLMIN'S  Essay  on  the  Antiquity  of  the  World  was 
published  about  the  year  1775,  and  affords  an  interesting 
example  of  the  progress  of  opinion :  sentiments  which  little 
more  than  half  a  century  ago  drew  on  their  author  the 
opprobrium  of  being  a  sceptic,  are  now  admitted  as  demon- 
strable truths.  He  maintains  that  no  single  substance  in 
nature  is  either  permanent  or  primary  ;  that  the  animals,  the 
vegetables,  the  earths,  the  stones,  the  minerals  alike  take 
their  origin  in  the  gradual  progress  of  time,  and  in  its  increas- 
ing succession  are  alike  exposed  to  innumerable  transmuta- 
tions ;  that  the  globe  itself,  from  a  multitude  of  causes,  is 
subject  to  slow,  but  important  revolutions;  that  it  under- 
goes incredible  changes  from  heat  and  cold,  volcanoes  and 
earthquakes;  that  vast  alterations  are  gradually  made  by 
the  decay,  generation,  petrifaction,  and  other  transmutations 
of  vegetables  and  animals ;  that  the  sea  is  continually  alter- 
ing the  surface  of  the  earth ;  that  in  the  lapse  of  time,  it 
encroaches  on  the  dry  land,  and  takes  it  from  its-inhabitants, 
and  restores  it  to  them  again ;  and  that  gradual  influences 
occasion  those  numerous,  but  partial  inundations  which  have 
been  found  to  make  such  deep  and  lasting  impressions,  and 
have  existed  in  every  country,  leaving  behind  them  the  most 
visible  marks  of  ruin  and  devastation.  The  conclusion  of 
the  author  is,  that  nature  is  invariably  the  same — her  laws 
immutable  and  eternal. 

The  above  remarks  convey  the  substance  of  the  systems 
of  later  philosophers.  The  first  passage,  which  we  have 
distinguished  by  italics,  contains  the  essence  of  the  theory 
of  Dr.  Hutton ;  the  second  embodies  some  of  the  leading 
principles  which,  recently  enforced  by  Sir  C.  Lyell,  were, 
at  an  earlier  period,  advocated  by  Dr.  Hutton  and  Professor 
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Playfair.  "  Amid  all  the  revolutions  of  the  globe,"  observes 
the  latter,  "  the  economy  of  nature  has  been  uniform,  and 
her  laws  are  the  only  things  that  have  resisted  the  general 
movement.  The  rivers  and  rocks,  the  seas  and  the  con- 
tinents, have  been  changed  in  all  their  parts,  but  the  laws 
which  direct  these  changes,  and  the  rules  to  which  they  are 
subject,  have  remained  invariably  the  same."* 

The  most  distinguished  opponent  of  "Werner  in  this 
country,  was  DR.  HUTTON,  a  Scottish  physician,  whose 
opinions,  on  all  essential  points,  were  the  very  reverse  of 
those  of  the  professor  of  Freyberg, 

As  the  substance  of  his  theory,  which  has  been  designated 
the  PLUTONIAN,  he  taught  the  following  important  truths : — 

First,  that  no  geological  phenomena  afford  any  proof  of 
the  beginning  of  things. 

Secondly,  that  the  oldest  rocks  are  merely  derivative  com- 
pounds of  the  ruins  of  rocks  which  existed  before  them,  and 
which  were  destroyed,  chiefly  by  the  slow  action  of  atmo- 
spheric causes  ;  while  their  detritus,  borne  by  rivers  to  the 
ocean,  and  loosely  strewed  over  its  bed,  became  consolidated 
by  heat,  and  subsequently  upheaved  and  fractured. 

Thirdly,  that  the  metamorphic  rocks  were  originally 
sedimentary  deposits,  similar  to  the  secondary,  but  that  they 
have  been  altered  by  the  long-continued  action  of  heat. 

Fourthly,  that  granite  has  crystallised  from  a  state  of 
igneous  fusion,  under  conditions  of  heat  and  pressure.  In 
other  words,  that  it  has  been  melted  by  fire,  at  great  depths 
in  the  earth,  and  has  cooled  under  pressure  so  vast  as 
to  have  prevented  the  gaseous  portions  of  its  elements 
from  escaping,  and  has  thus  assumed  its  present  crystalline 
texture. 

Such  is  an  outline  of  the  celebrated  system  of  Dr.  Hutton, 
which  has  not  only  supplanted  that  of  Werner,  but  has 
formed  the  foundation  of  the  researches  and  writings  of  our 
most  enlightened  observers,  and  is  justly  regarded  as  the 
basis  of  afl  sound  geology  at  the  present  day. 

If  we  examine  the  above  propositions  in  detail,  we  shall 
only  find  them  to  have  been  confirmed  by  repeated  investi- 
gation. The  crystalline  texture  and  igneous  origin  of  granite 

*  Illustrations  of  the  Huttonian  Theory,  §  37. 
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admit  of  neither  doubt  nor  dispute  ;  the  metamorphic  cha- 
racter of  the  succeeding  deposits,  the  gneiss  and  mica-schist 
systems  is  equally  clear,  whether  we  suppose  with  Sir  C. 
Lyell,  that  the  metamorphism  was  complete,  or  with  Professor 
Phillips,*  that  it  was  only  partial.  The  derivative  character 
of  the  sedimentary  strata  is  fully  proved ;  and  the  whole  of 
these  propositions  are  only  better  understood,  and  more 
firmly  established,  after  having  stood  the  test  of  half  a 
century  of  investigation. 

The  most  important  and  novel  of  the  whole,  the  altered 
character  of  the  metamorphic  roaks,  has  been  demonstrated 
by  Sir  James  Hall's  experiments,  who,  by  pulverising  chalk 
and  hermetically  sealing  it,  so  as  to  prevent  its  gases  from 
escaping,  and  then  exposing  it  to  heat,  converted  it  into 
crystalline  marble ;  the  very  result  presumed  to  have 
occurred  in  nature,  by  the  hypothesis  of  Dr.  Hutton.  In 
a  practical  point  of  view,  the  fluid  nature  of  granite  was 
considered  to  be  proved  by  the  investigations  of  the  author 
himself,  who  discovered  in  Grlen  Tilt  veins  of  granite,  rami- 
fying into  superincumbent  rocks,  in  a  manner  which  could 
only  have  been  effected  by  a  substance  in  a  melted  state, 
a  discovery  which  is  said  to  have  filled  him  with  so  much 
delight,  that  his  guides,  says  his  biographer,  conceived 
that  he  must  have  discovered  a  mine  of  gold.  His  opinions 
are  farther  conceived  to  be  demonstrated  by  the  passage 
of  these  rocks  into  each  other ;  by  the  graduation  of  plu- 
tonic  into  metamorphic  deposits,  and  of  the  latter  into 
others  of  decidedly  aqueous  origin ;  of  granita  into  gneiss, 
and  of  chlorite-schist  and  mica-schist  into  clay-slate,  a  fact 
demonstrating  the  intimate  relation  of  each,  and  the  common 
origin  of  all ;  proving  them  to  be  what  he  declared  them, 
sedimentary  deposits,  altered  by  heat  under  pressure. 

Another  individual,  who  has  already  been  mentioned  in 
these  pages,  unassisted  by  the  advantages  of  wealth,  station, 
or  collegiate  education,  was  laying  down  the  basis  of  English 
geology,  by  a  series  of  the  most  laborious  and  practical  obser- 
vations. WILLIAM  SMITH,  a  surveyor,  by  dint  of  unwearied 
observation,  and  the  natural  powers  of  a  strong  mind,  had 
arrived  at  results  similar  to  those  obtained  about  the  same 

*  See  his  Treatise  on  Geology,  in  Lardner's  Cyclopaedia,  vol.  i.  p.  109. 
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time  by  the  most  distinguished  continental  geologists,  on 
the  law  of  superposition  of  the  stratified  rocks;  having 
discovered  that  the  order  of  succession  of  the  different 
groups  was  never  inverted,  and  that  they  might  be  identified 
at  very  distant  localities  by  their  characteristic  fossils.  From 
the  period  of  publishing  his  Tabular  View  of  the  Strata,  in 
1790,  he  continued  his  labours,  under  every  difficulty  and 
discouragement.  Unaided,  unpatronised,  almost  unnoticed 
and  unknown,  he  pursued,  alone,  and  on  foot,  a  series  of 
investigations,  which  terminated  in  the  publication,  in  1815, 
of  his  Geological  Map  of  JEngland — a  lasting  monument  of 
his  genius,  industry,  and  unwearied  perseverance ;  and  to 
which  D'AubuioSon,  a  distinguished  pupil  of  Werner,  paid 
a  just  tribute  of  praise,  observing,  that  "  what  many  cele- 
brated mineralogists  had  only  accomplished  for  a  small  part 
of  Germany,  during  half  a  century,  had  been  effected  by  a 
single  individual  for  the  whole  of  England." 

The  remaining  events  which  mark  the  history  of  the 
science,  as  regards  this  country,  may  be  comprised  in  a 
brief  epitome.  The  casual  assembling  of  some  friends  for 
the  transaction  of  business  of  scientific  import,  occasioned 
the  wish  for  the  continuance  of  meetings  which  were  found 
to  be  as  instructive  as  they  were  delightful,  and  gave  rise  to 
the  GEOLOGICAL  SOCIETY  ;  an  event  which,  more  than  any 
other,  has  promoted  the  advance  of  the  science.  Warned, 
by  example,  of  the  danger  of  hasty  generalisations,  its  mem- 
bers wisely  abstained,  for  a  considerable  period,  from  all 
attempts  of  this  nature ;  and  Sir  C.  Lyell  has  recorded  the 
intention  and  the  eulogy  of  the  society  in  the  same  sentence, 
by  declaring  the  object  of  its  supporters  to  have  been  to 
multiply  and  record  observations,  and  patiently  to  await  the 
result  at  some  future  period ;  while  their  favourite  maxim 
was,  that  the  time  had  not  yet  arrived  for  a  general  system 
of  geology,  but  that  all  must  be  content,  for  many  years,  to 
be  exclusively  engaged  in  furnishing  materials  for  future 
generalisations.  A  resolution  so  judicious  could  not  fail  to 
produce  the  most  satisfactory  results,  and  the  natural  con- 
sequence has  been,  not  merely  to  rescue  geology  from  the 
distrust  which  once  attached  to  it,  but  to  render  it  the 
favourite,  as  it  unquestionably  is  one  of  the  most  fascinating, 
of  the  natural  sciences. 
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Similar  societies  were  formed  in  the  capitals  and  provinces 
of  the  British  empire,  and  of  Prance,  Germany,  and  Belgium. 
Some  years  ago,  the  savans  of  Germany  conceived  the  idea 
of  holding  annual  meetings,  for  the  purpose  of  scientific 
investigation,  and  under  the  unassuming  title  of  Natur- 
forscher,  of  meeting  and  communicating  the  result  of  their 
researches  during  the  past  year.  The  British  Association 
was  instituted  for  a  similar  purpose ;  among  its  objects  geo- 
logical investigation  has  formed  a  principal  feature  ;  a  con- 
siderable portion  of  its  funds  has  been  devoted  to  the 
assistance,  not  only  of  British,  but  of  foreign  inquirers,  and 
the  general  interests  of  science  have  been  advanced  by  its  aid. 

We  have  purposely  omitted  to  dwell  on  the  labours  of 
French  philosophers  in  the  same  field,  because  the  discoveries 
and  writings  of  Cuvier,  Brongniart,  Elie  de  Beaumont, 
Dufresnoy,  D'Orbigny,  Archiac,  and  their  associates,  will 
form  the  subject  of  frequent  and  honourable  mention  in  the 
course  of  the  following  pages. 

To  bring  the  history  of  the  science  down  to  the  present 
moment,  it  may  be  necessary  to  advert  both  to  the  acta  and 
agenda  of  its  inquiries,  and  to  mention  both  those  problems 
which  are  supposed  to  be  solved,  and  those  which  yet 
remain  for  determination.  Among  the  former  may  be  re- 
garded the  raising  of  the  group  of  rocks,  named  old  red  sand- 
stone, into  the  rank  of  a  separate  series.  For  a  considerable 
period  doubts  had  been  entertained  as  to  whether  the  red 
sandstone  of  Devonshire  was  identical  with  that  of  Hereford- 
shire ;  the  discrepancy  between  the  two  consisting  chiefly  in 
the  fact,  that  the  shells  discovered  in  Devonshire  are  not 
found  in  Herefordshire,  nor  the  fish  of  Hereford  in  the 
county  of  Devon.  Sir  B.  Murchison,  in  his  recent  journey 
to  Russia,  discovered  both  fish  and  shells  in  the  same  de- 
posits ;  and  the  old  red  sandstone  of  Devon,  Hereford,  and 
Scotland,  is  now  constituted  a  distinct  group,  under  the  title 
of  Devonian. 

The  discovery  of  new  forms  of  reptiles,  has  widely  extended 
the  frontier  line  of  those  types  of  animal  life,  and  proved  the 
age  of  reptiles  to  be  a  period  which  extended  from  the  trias 
to  the  chalk ;  in  other  terms,  through  the  vast  cycles  of 
ages,  during  which  the  whole  of  the  secondary  rocks  were 
deposited. 
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Mr.  Hopkins  lias  recently  applied,  in  a.  highly  successful 
manner,  the  principles  of  mathematical  investigation  to  the 
explanation  of  geological  phenomena,  particularly  with  refer- 
ence to  the  dynamics  of  the  science,  the  elevation  of  entire 
tracts  of  country,  the  prevalence  of  anticlinal  lines,  and  the 
nature  of  transverse  fissures,  and  fractures  occurring  at  right 
angles  to  the  central  rise.  He  has  thus  brought  a  powerful 
auxiliary  into  the  field  of  geological  research,  and  has  supplied 
a  new  link  between  mathematical  and  natural  science. 

The  discovery  of  erect  trees  in  the  coal-formation,  particu- 
larly of  six  splendid  specimens  found  by  Mr.  Hawkshaw,  on 
the  line  of  the  Bolton  and  Manchester  Eailway,  together 
with  the  researches  of  Mr.  Bowman,  Mr.  Logan,  and  others, 
has  tended  to  modify,  to  a  considerable  extent,  the  opinions 
previously  entertained  as  to  the  mode  in  which  coal  was 
deposited;  and  whereas  it  was  formerly  believed  to  have 
been  generally  distributed  by  drift,  and  but  occasionally  to 
have  vegetated  on  the  spot  where  it  is  now  discovered,  the 
reverse  of  this  sentiment  seems  now  to  prevail,  and  the 
greater  part  of  the  coal  is  believed  to  have  grown  on  or  near 
the  spot  where  it  is  now  found,  while  the  instances  of  drift, 
at  all  events,  to  any  remote  distance,  are  conceived  to  form 
the  exception  to  this  rule.  Certain  coal-plants,  the  $igillari&, 
which  have  hitherto  been  regarded  as  monocotyledonous, 
are  now,  with  more  probability,  considered  to  be  dicotyle- 
donous: and  as  the  genus  is  numerous,  such  an  alteration 
would  change,  to  a  considerable  extent,  the  relative  proportion 
of  the  two  orders  of  plants  of  this  formation. 

It  may  be  added  among  the  most  recent  advances  in 
geological  inquiry,  that  Sir  B>.  Murchison  having  some  time 
since  stated* it  to  be  his  opinion  that  the  Silurian  deposits 
are  the  oldest  fossiliferous  rocks,  recent  researches  have 
tended  strongly  to  confirm  this  view,  and  to  show  that  both 
the  Cambrian  and  Cumbrian  systems,  which  lie  beneath, 
present  so  close  an  analogy,  in  many  important  points,  with 
the  Silurian,  as  to  render  it  highly  probable  that  the  whole 
will  hereafter  be  regarded  as  one  common  series,  that  of  the 
protozoic  or  earliest  rocks  which  contain  organic  remains. 

ERRATIC  BLOCKS. — With  reference  to  these  phenomena, 
the  large  boulders  and  masses  of  primary  rocks,  which  are 
found  scattered  over  the  superficial  soil,  in  every  country  of 
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the  north  of  Europe,  the  weight  of  evidence  unquestionably 
is  in  favour  of  the  supposition,  that  they  have  been  transported 
by  masses  of  floating  ice,  which,  on  melting,  dropped  these 
blocks  in  the  then  existing  sea.  On  this  point,  among  other 
proofs,  the  evidence  of  M.  Durocher,  now  professor  at  Rennes, 
in  Brittany,  who  has  attentively  studied  these  boulders  as  they 
occur  in  the  north  of  Europe,  may  be  regarded  as  conclusive. 
His  opinions  are  in  substance  as  follow: — As  the  direction 
of  the  blocks  is  usually  from  north  north-west,  to  south 
south-east,  he  conceives  that  in  the  first  instance  some 
powerful  erosive  agency  has  disintegrated  and  destroyed  the 
mountains  of  the  north,  reducing  their  masses  to  blocks, 
which  have  accumulated  at  their  basis  on  the  coasts  then 
in  existence,  while,  at  the  same  time,  the  rivers  and  streams 
have  tranquilly  conveyed  the  smaller  detritus  into  the  sea. 
During  intense  winters,  masses  of  ice  have  embedded  and 
floated  away  these  blocks;  and  such  icebergs,  on  melting, 
have  deposited  the  blocks  in  various  directions.  The 
elevation  of  the  bed  of  the  sea  has  subsequently  brought 
them  to  light.  For  some  interesting  observations  on  the 
glacial  furrows  observed  in  the  valley  of  the  St.  Lawrence, 
and  the  action  of  packed  ice  in  the  Canadian  rivers,  the 
reader  is  referred  to  Sir  Charles  Ly ell's  travels  in  North 
America,*  First  Series.  "  About  three  miles  south  of  Hali- 
fax, near  *  the  Tower,'  I  observed,'''  says  this  distinguished 
observer,  "  a  smooth  surface  of  rock,  formed  of  the  edges 
of  curved  and  highly  inclined  strata  of  clay-slate,  crossed 
by  furrows  about  a  quarter  of  an  inch  deep,  having  a 
north  and  south  direction,  and  preserving  their  parallelism 
throughout  a  space  of  one  hundred  yards  in  breadth.  Similar 
phenomena  are  observed  in  other  parts  of  this  peninsula.  On 
the  removal  of  the  drift,  I  observed  a  polished  surface  of 
quartzose  grit  of  the  coal  measures  with  district  furrows 
running  E.  and  "W.  or  E.  15°  N.  magnetic."  f 

THE  GLACIAL  THEOET. — Among  the  agenda  of  the  science, 
or  the  questions  yet  to  be  proved,  may  be  reckoned  the 
glacial  theory  of  M.  AGASSIZ.  This  philosopher,  having 
followed  out  the  researches  of  Yenetz,  Charpentier,  and 

*  Vol.  i.  p.  163. 

f  For  much  interesting  information  on  "  Glacial  Scratches,"  see  Lake 
Superior,  its  Physical  Character,  &c.,  by  Professor  Agassiz. 
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others,  and  having  arrived  at  the  conclusion,  that  the  gla- 
ciers of  the  Swiss  Alps  had  formerly  a  greater  extension, 
and  reached  as  far  as  Mount  Jura,  determined  to  investigate 
the  traces  of  glaciers  in  England,  Scotland,  and  Ireland. 
The  existence  at  a  former  period  of  glaciers  of  far  greater 
importance  and  extent  than  those  with  which  we  are  now 
acquainted,  covering,  in  fact,  the  whole  of  Switzerland,  and 
presenting  an  area  of  sixty  leagues,  with  a  surface  of  more 
than  two  hundred  square  leagues,  seems  to  have  been  com- 
pletely and  satisfactorily  established  by  the  researches  of 
M.  Charpentier,  whose  testimony  is  of  the  more  value, 
because  having  at  first  been  opposed  to  the  theory,  he 
became,  by  the  result  of  his  inquiries,  a  convert.  But  though 
the  certainty  of  these  vast  fields  of  ice,  in  Switzerland  and 
its  vicinity,  seems  to  be  thus  demonstrated  in  a  convincing 
manner,  it  is  by  no  means  so  clear  that  the  same  phenomena 
existed  in  other  and  distant  regions,  and  even  if  they  did,  it 
is  not  considered  that  they  account  for  the  erratic  blocks, 
which  we  have  already  referred  to  another  cause.  M.  Agassiz 
conceives  that  the  markings  and  striations  of  the  rocks 
observed  in  Great  Britain,  are  similar  to  those  occurring  in 
Switzerland,  and  testify  the  former  prevalence  of  extensive 
glaciers  in  these  regions.  He  farther  applies  their  agency 
in  explanation  of  many  local  phenomena;  in  particular,  of 
the  erratic  blocks,  and  of  the  parallel  roads  of  Glenroy,  which 
are  certain  level  terraces  on  the  sides  of  mountains,  pre- 
viously supposed  to  be  ancient  sea-beaches  left  by  the  retiring 
of  the  sea.  His  views  have  been  warmly  espoused  by  Dr. 
Buckland  and  Sir  C.  Lyell,  but  have  met  with  much  opposi- 
tion in  Germany,*  It  must  be  admitted  that  they  scarcely 
account  in  a  satisfactory  manner  for  all  the  phenomena 
which  they  are  adduced  to  explain,  in  particular  the  parallel 
roads  above-mentioned ;  Sir  B.  Murchison,  on  his  recent  visit 
to  Hussia,  found  them  insufficient  to  explain  the  position  of 
the  erratic  blocks  strewed  over  vast  portions  of  that  country.f 
The  late  Mr.  Bowman  stated  J  the  following  objections  to  the 

*  Particularly  from  Studer  and  Von  Leonhard.  See  the  admirable  work  of 
the  latter,  Geologic  oder  Naturgeschichte  der  JSrde,  auf  A llgemeine  fassliche 
Wtise  abgekandelt,  p.  487,  Stuttgart,  1840. 

f  See  Proceedings  of  the  Geological  Society,  vol.  iii.  p.  405. 
£  Philosophical  Magazine. 
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conclusions  formed  in  favour  of  the  theory  from  the  striated 
markings  presented  by  the  surface  of  the  rocks.  He  found 
these  marks  to  pervade  the  internal  structure  as  well  as  the 
surface ;  and  as  they  occur  parallel  to  the  plane  of  the 
magnetic  meridian,  he  ascribes  them  to  electro-magnetic 
agency,  operating  during  the  induration  of  the  mass.  Mr. 
Hopkins  denounces  the  theory  as  contrary  to  every  principle 
of  physics,  in  relation  to  the  phenomena  of  several  districts 
to  which  he  has  directed  his  researches;  and  finally,  Dr. 
Buckland,  in  his  Anniversary  Address  (1841),  intimates  that 
the  opinions  of  Professor  Agassiz  and  himself  as  the  sup- 
porters, and  those  of  the  opponents  of  the  theory,  "  will 
probably  be  settled,  as  in  most  cases  of  extreme  opinions 
and  exclusive  theories,  by  a  compromise;  the  glacialist 
will  probably  abandon  his  universal  covering  of  ice  and 
snow,  and  be  content  with  glaciers  on  the  elevated  regions 
of  more  southern  latitudes  than  now  allow  of  their  forma- 
tion ;  the  diluvialist,  still  retaining  his  floating  icebergs 
as  the  most  efficient  agents  in  the  transport  of  drift  and 
erratic  blocks  to  regions  distant  from  their  place  of  origin, 
may  also  allow  to  glaciers  their  due  share  in  the  formation 
of  moraines  and  striated  surfaces,  in  latitudes  and  at  eleva- 
tions that  are  no  longer  within  the  zones  of  perpetual 
congelation." 
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THE  history  of  a  science  affords  little  opportunity  for 
exercises  of  a  practical  nature,  while  the  brevity  of  our 
sketch  renders  recapitulation  scarcely  necessary. 

The  student  may,  however,  transfer  to  his  note-book,  and 
otherwise  impress  on  his  memory,  a  few  of  the  most  impor- 
tant facts. 

1.  In  perusing  the  history  of  the  science  he  will  observe, 
that  the  most  philosophic  minds  are  usually  in  the  right,  in 
opposition  to  the  multitude ;    while  some  gifted    observer 
progresses   in  advance   of  his    own   and  succeeding   ages. 
Thus,  Aristotle  and  Strabo  had  formed  far  more  just  ideas 
of  the    phenomena   of  nature   than  were   entertained   by 
their  contemporaries ;  Pythagoras,  or  rather  the  author  of 
the  system  advocated  as  his,  in  the  passage  which  we  have 
cited  from  Ovid,  observed  many  facts  of  importance,  and 
rightly  understood  their  nature.     The  opinions  of  Boccaccio 
and  Leonardo  da  Vinci  were  in  advance  of  their  age,  as  were 
those  of  Leibnitz,  Linnaeus,  Toulmin,  and  Hutton. 

2.  The  following  may  be  regarded  as  the  summary  of  the 
history  of  the  science  in   modern  times: — In  the   darker 
ages  fossil  remains  were  ascribed  to  the  stars,  or  to  some 
plastic  power  of  the  earth  itself,  or  were  regarded  as  mere 
lusus  naturae;   in  fact,  their  origin  was  referred   to  every 
cause  but  that  which  was  alone  capable  of  producing  them. 
It  was  only  after  long  and  arduous  contests  that  naturalists 
succeeded  in  establishing  the  organic  nature  of  fossils ;  and 
this  point  could  only  be  gained  by  conceding  the  universality 
of  the  deluge,  and  ascribing  their  occurrence  to  that  event. 
It  soon  became  evident  that  such  a  cause  was  inadequate 
to  explain   all  the   conditions   under    which  these   objects 
occurred :  that  though  it  might  have  strewn  them  over  the 
surface,  it  never  could  have  buried  them  in  the  strata  of 
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mountains,  or  entombed  them  deep  within  the  earth  itself 
Again :  it  was  observed  that  marine  shells  were  associated 
in  one  spot,  and  the  fresh- water  kinds  in  another,  and  that 
similar  genera  and  species  were  in  like  manner  separated 
and  arranged,  although  it  was  obvious  that  the  flood  here 
contemplated  must  have  heaped  all  kinds  promiscuously 
together.  And,  when  at  length  more  extensive  observation 
showed  that  the  same  locality  exhibited  alternations  of  marine 
and  fresh-water  deposits — it  was  felt  that  no  single  event 
was  adequate  to  produce  such  varied  effects ;  and  hence  arose 
the  more  extended  views  of  the  operations  of  nature  which 
constitute  the  principles  of  modern  geology. 


CHAPTER  III. 


First  Lessons  in  Geology — Harmony  of  the  Science  with  Revelation — Extreme 
Antiquity  of  the  Earth — Proofs  of  this  fact  derived  from  the  Structure  of 
the  Earth  itself— Similar  Evidence  afforded  by  Astronomy — Origin  of 
our  Planet — Internal  Heat  of  the  Earth — Crust  of  the  Earth — Order  and 
Succession  of  the  Rocks — Tropical  Climate  of  the  Ancient  Earth — 
Efficacy  of  Modern  Causes. 

WE  shall  take  this  opportunity,  before  entering  on  the  more 
practical  portion  of  our  subject,  of  stating  some  of  those 
leading  principles  which  serve  as  an  introduction  to  the 
science,  and  tend  to  facilitate  the  future  progress  of  the 
student :  these  we  shall  term — First  Lessons  in  Geology. 

HARMONY  or  THE  SCIENCE  WITH  REVELATION. — Among 
the  most  valuable  and  satisfactory  of  these  may  be  enume- 
rated the  conviction  of  the  perfect  harmony  of  the  science 
with  revelation,  and  the  groundless  nature  of  those  fears 
which  many  well-meaning  persons  entertain  of  the  possibility 
of  a  collision  between  them.  It  may  be  sufficient  to  state, 
that,  in  all  essential  points,  the  records  of  Scripture  are  com- 
pletely confirmed  by  the  evidence  of  physical  fact.  This 
admirable  study,  so  far  from  lessening  our  belief  in  the  Deity, 
or  our  perception  of  His  attributes,  tends  materially  to  enhance 
andconfirm  our  appreciation  of  both.  A  science,  which  extends 
our  knowledge  of  creation,  exalts,  in  a  commensurate  degree, 
our  admiration  of  the  Creator.  Those  who  would  pursue 
the  subject  farther  are  referred  to  the  works  of  Lyell, 
Buckland,  Delabeche,  Murchison,  Sedgwick,  the  various 
works  of  Mantell,*  and  Dr.  Pye  Smith,  all  of  which  furnish 
arguments  so  powerful  and  convincing,  that  they  cannot 
fail  to  remove  the  apprehensions  of  the  most  sensitive  mind. 

*  Wonders  of  Geology,  2  vols.,  18s.  ;  Medals  of  Creation,  2  vols.,  21s. ; 
Geology  of  the  Isle  of  Wight,  12s.;  Pictorial  Atlas  of  Fossil  Remains,  4to, 
seventy-five  coloured  plates,  45s. 
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INSTRUCTIVE  NATURE  or  THE  SCIENCE. — Geology  has 
this  in  common  with  the  other  studies  of  nature,  that  it 
shows  us  the  error  of  many  of  our  early  impressions,  and 
warns  us  to  doubt  the  evidence  of  our  senses,  until  proved 
by  scientific  investigation.  Thus,  while  Astronomy  convinces 
us  that  the  sun,  which  rises  in  the  east  and  sets  in  the  west, 
makes  no  revolution  at  all,  but  that  it  is  the  apparently 
unmoving  earth  which  really  performs  the  daily  round ;  so 
Greology  commences  her  instructions  with  truths  not  less  at 
variance  with  our  preconceived  opinions.  It  unfolds  the 
fact,  that  the  present  condition  of  our  earth,  far  from  being 
of  primeval  date  and  character,  constitutes  but  one  of  the 
numerous  vicissitudes  through  which  it  has  passed  in  the 
course  of  its  eventful  history.  The  mountains  which  we 
deem  of  antiquity  coeval  with  the  earth  itself,  the  hills  which 
in  our  phraseology  are  "  old,"  to  a  proverb,  this  science 
convinces  us  are  of  very  different  dates,  and  have  all,  geo- 
logically speaking,  been  elevated  at  comparatively  modern 
periods.  Again,  from  the  earliest  times  it  has  been  the 
habit  of  man  to  associate  the  idea  of  stability  with  the 
land,  and  of  fluctuation  and  change  of  level  with  the  sea. 
Greology,  however,  demonstrates  the  very  reverse  of  this  to 
be  true,  and  shows  that  while  the  land  has  undergone  changes 
and  disturbances,  and  has  been  the  scene  of  elevation  and 
depression,  of  intrusion  and  dislocation,  the  sea,  from  its 
nature,  as  a  fluid,  has  constantly  maintained  the  same  un- 
altered level.  The  rocks,  which  we  regard  as  having  ever 
been  the  hard,  and  unyielding  objects  which  we  behold  them 
now,  by  the  external  characters  which  they  bear,  by  the 
gentle  impressions  of  organic  structure  which  they  present 
— by  the  tender  foliage  of  the  plant — the  delicate  markings 
of  the  shell — science  proves  to  have  been  thus  imprinted 
when  their  substance  was  soft,  and  by  this  means  convinces 
us  that  rocks  were  once  in  a  state  of  sand  or  mud.  These 
are  but  a  few  of  the  instances  which  might  be  adduced  of 
the  valuable  and  instructive  discipline  of  a  science  which 
rids  us  of  errors  and  prejudices  derived  from  early  habit  and 
association,  and  implants  in  their  stead  more  just  and  philo- 
sophical ideas  of  nature,  and  her  Divine  Author. 

ANTIQUITY  or  THE  EARTH. — Thus  while  we  are  accus- 
tomed to  regard  our  planet  as  coeval  with  man,  and  as 
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dating  but  from  the  five  or  six  thousand  years  which  science 
and  revelation  unite  to  prove  as  the  era  of  his  creation, 
Geology  demonstrates  the  far  higher  antiquity  of  the  planet 
assigned  for  his  abode.  A  mere  investigation  into  the  crust 
of  the  earth,  will  convince  us  that  the  substances  of  which 
it  is  composed,  from  their  variety,  extent,  and  order  of  suc- 
cession, could  only  be  the  result  of  accumulations  con- 
tinued through  vast  cycles  of  time.  The  series  of  the  fos- 
siliferous  formations  are  the  mineralised  beds  of  primeval 
oceans,  with  occasional  intercalations  of  fluviatile  and  lacus- 
trine strata ;  the  deposits  of  seas,  or  of  rivers  and  lakes, 
bearing,  in  their  stratified  arrangement  and  the  relics  of  the 
animal  forms  which  once  inhabited  their  waters,  incontestable 
proofs  of  their  sedimentary  origin.  These  aqueous  accumu- 
lations, subsequently  to  their  deposition,  have  repeatedly 
undergone  the  action  of  disturbing  causes;  the  eruptive 
rocks  have  broken  through  the  sedimentary  deposits,  and 
volcanoes,  terrestrial  and  submarine,  have  exploded  from 
below,  shattering  the  superincumbent  beds,  and  wedging  their 
sheets  of  molten  matter  into  the  chasms  of  the  strata  they 
have  divided,  or,  bursting  to  the  top,  have  poured  their 
waves  and  spread  their  terraces  over  the  surface  of  the  whole. 
Periods  of  intense  volcanic  activity  have  been  followed  by 
others  of  repose,  which  have  again  been  succeeded  by  revivals 
of  former  energy;  so  that  frequent  alternations  of  this  nature, 
of  enormous  extent  and  duration,  have  occurred,  even  in 
periods  which  are  regarded  as  comparatively  recent  in  the 
history  of  the  earth. 

The  question  of  geological  time  is  one  of  much  difficulty. 
It  has,  however,  received  important  illustration  from  the 
recent  investigations  made  by  Sir  Charles  Lyell,  relating  to 
the  eroding  power  of  the  celebrated  Falls  of  Niagara. 

It  has  long  been  a  popular  belief  that  the  Niagara  flowed 
in  a  shallow  valley  across  the  whole  platform  from  the  pre- 
sent site  of  the  Falls  to  Queenston  Heights,  where  it  is  sup- 
posed the  cataract  was  first  situated,  and  that  the  river  has 
been  slowly  eating  its  way  backwards  through  the  rocks  which 
belong  to  the  Silurian  series,  for  a  distance  of  seven  miles. 
The  strata  throughout  the  whole  region  are  nearly  horizontal, 
having  a  gentle  dip  to  the  south  of  twenty-five  feet  in  a  mile. 

It  has  been  ascertained  that  the  Falls  have  shifted  their 
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position  during  the  last  half-century,  and  the  small  portion 
of  the  great  ravine,  which  has  been  eroded  within  the  memory 
of  man  is  so  precisely  identical  in  physical  and  geological 
character  with  the  whole  gorge  of  seven  miles  below,  that 
the  river  supplies  an  adequate  cause  for  executing  the 
assigned  task,  provided  we  grant  sufficient  time  for  its  com- 
pletion. 

The  water,  after  cutting  through  strata  of  limestone,  fifty 
feet  thick,  in  the  rapids,  descends  perpendicularly  at  the  Palls 
over  another  mass  of  limestone  ninety  feet  thick,  beneath 
which  lie  soft  shales  of  equal  thickness.  The  disintegration 
of  the  shales  causes  masses  of  the  incumbent  limestone  rock 
to  fall  down,  and  thus  the  cataract  recedes  southwards. 

By  the  erosion  of  the  shales  and  limestone  by  the  water, 
the  conditions  being  uniform,  we  are  enabled  to  infer,  from 
what  has  taken  place  within  a  known  time,  the  probable 
period  which  this  seven  miles  required  for  its  accomplishment. 

Sir  C.  Lyell  has  found  proofs  that  the  river  extended  four 
miles  north  of  the  Palls,  having  discovered  beds  of  gravel 
reposing  on  the  cliffs  overlying  the  ravine,  containing  flu- 
viatile  shells  resting  on  the  limestone,  of  the  same  species  as 
those  now  living  in  the  adjoining  water. 

Mr.  Bakewell  estimated  the  rate  of  erosion  for  forty  years 
before  1830  to  be  about  a  yard  annually.  Sir  C.  Lyell 
states  that  one  foot  would  be  a  much  more  probable  conjec- 
ture ;  in  which  case,  thirty-five  thousand  years  would  have 
been  required  from  the  retreat  of  the  Palls  from  the  escarp- 
ment of  Queenston  to  their  present  site,  if  we  could  assume 
that  the  retrograde  movement  had  been  uniform' throughout. 
"  This,  however,  could  not  have  been  the  case  ;  as  at  every 
step  in  the  process  of  excavation,  the  height  of  the  precipice, 
the  hardness  of  the  materials  at  its  base,  and  the  quantity  of 
fallen  matter  to  be  removed,  must  have  varied.  At  some 
points  it  may  have  receded  much  faster  than  at  present,  at 
others  much  slower;  and  it  would  be  scarcely  possible  to 
decide  whether  its  average  progress  has  been  more  or  less 
rapid  than  now."  * 

In  pursuing  the  natural  and  legitimate  mode  of  interpreting 
the  past  by  the  present,  and  observing  the  effect  of  similar 

*  Travels  in  North  America,  vol.  i.  cliap.  2. 
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agencies  in  existing  nature,  we  are  forcibly  impressed  with 
the  slowness  of  these  operations  at  the  present  day.  Lakes 
are  ascertained  to  shoal  up,  in  the  proportion  of  only  a 
foot  in  a  century;  and  oceanic  deposits  are  known  to  be 
correspondingly  tardy  of  accumulation.  Hence  we  find  that 
during  the  entire  historic  period,  the  physical  geography 
of  our  globe,  with  the  exception  of  local  and  minor  modifi- 
cations, has  remained  unaltered.  The  oceans,  rivers,  lakes, 
and  mountains  recorded  in  Scripture,  form  the  physical 
features  of  the  same  regions  at  the  present  day ;  the  ocean 
which  Caesar  crossed,  still  separates  the  Briton  from  the  Graul ; 
the  same  rivers  water  the  capitals  of  the  same  countries  of 
Europe ;  while  the  same  Vesuvius  which  overwhelmed  Her- 
culaneum  and  Pompeii  still  threatens  the  surrounding  dis- 
tricts; and  the  same  submarine  volcanic  agency  which 
alarmed  the  Roman  people,  continues  in  activity,  and  pro- 
duces similar  phenomena  at  the  present  day. 

When  we  contemplate  those  operations  which  have  formed 
or  modified  the  crust  of  our  globe,  and  observe  their  extent 
and  grandeur ;  when  we  find  evidence,  not  of  a  single  change, 
but  of  cycles  of  changes ;  of  seas  on  seas ;  with  alterna- 
tions of  dry  land  in  the  existence  of  forests,  rivers,  and 
lakes ;  together  with  proofs  of  volcanic  agency,  with  its 
long-continued  intervals  of  action  and  repose ;  and  when  we 
reflect  that  nothing  is  made  in  vain,  but  that  every  created 
object  has  its  sphere  of  usefulness,  and  therefore  of  duration ; 
and  when  we  look  on  the  fair  and  harmonious  world  around 
us,  and  examine  the  diversified  materials  of  which  it  is  com- 
posed, and  the  wondrous  agencies  by  which  it  has  been 
elaborated  into  order,  fertility,  and  beauty,  we  cannot  avoid 
the  conviction,  that  operations  thus  complicated  and  extensive, 
and  results  thus  admirable  and  perfect,  must  have  required 
an  adequate  period  for  their  development ;  and  that  time,  to 
an  extent  inappreciable  by  human  powers  of  calculation, 
must  have  formed  an  essential  element  in  the  vast  work  of 
Creation. 

ANTIQUITY  OF  THE  UNTYEESE  PEOYED  BY  ASTEOISTOMT. 
— It  is  the  profound  remark  of  Lord  Bacon,  that  we  must 
seek  the  explanation  of  a  phenomenon  not  merely  in  the 
investigation  of  that  object  alone,  but  by  comparing  it  with 
others  of  like  nature  with  its  own ;  and  thus  the  antiquity 
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of  our  earth,  far  from  being  inconsistent  with  -the  general 
plan  of  creation,  is  only  in  accordance  with  the  enlightened 
views  which  have  been  formed  of  the  universe,  the  mag- 
nitude and  grandeur  of  the  phenomena  of  which  as  far 
exceed  those  observable  in  our  earth,  as  the  whole  transcends 
the  part.  If  geology,  therefore,  appears  incredible,  astronomy 
must  seem  impossible  ;  yet,  owing  to  the  exact  nature  of 
the  latter  science,  its  truths  are 'susceptible  of  mathematical 
demonstration.  The  astronomer  reveals  facts  so  far  surpass- 
ing our  usual  calculations  and  impressions,  that  the  mind 
unaccustomed  to  scientific  investigation,  might  reject  them 
as  fables,  were  it  not  that  he,  at  the  same  time,  foretels  an 
eclipse  to  the  fraction  of  a  minute,  and  thus  proves  his  system 
to  be  true.  For  instance,  there  are  stars  so  incalculably 
remote  from  our  planet,  that  their  light  would  require  vast 
cycles  of  ages  to  arrive  at  our  earth  ;  and  as  these  luminaries 
occasionally  become  extinguished  or  invisible,  it  results  that 
we  may  actually  be  gazing  on  the  light  of  a  star  which  has 
been  lost  to  our  sphere  long  before  the  creation  of  our  race. 
Sir  William  Herschel,  in  a  paper*  On  the  power  of  telescopes 
to  penetrate  into  space,  informs  us  of  the  existence  of  bodies 
which  can  only  be  detected  by  telescopes  of  great  power, 
being  situated  nearly  twelve  millions  of  millions  of  millions 
of  miles  from  our  earth:  whence  it  follows,  that  the  light  by 
which  those  objects  have  become  visible  to  us,  must  have 
been  nearly  two  millions  of  years  in  its  progress.  And  when 
we  reflect  that  we  can  by  no  means  assume  these  points, 
however  remote,  to  be  the  limit  of  creation,  and*  that  if  we 
were  removed  to  those  distant  orbs,  we  should  behold,  not 
the  end  of  the  universe,  but,  as  it  were,  only  its  beginning, 
where  fresh  spheres  in  harmonious  systems  still  extended 
throughout  illimitable  space,  we  must  cease  all  doubts, 
acknowledge  the  insufficiency  of  the  finite  to  comprehend 
the  Infinite,  and  cease  from  cavilling,  to  wonder  and  adore ! 
MODERN  DATE  or  MAN. — The  comparatively  modern 
period  of  the  creation  of  man,  is  a  fact  revealed  by  Scripture 
and  confirmed  by  science.  The  same  internal  evid'ence  which 
convinces  us  of  the  antiquity  of  our  planet,  affords  satisfactory 
proof  of  the  modern  origin  of  our  species.  The  whole  vast 

*  Dr.  Pye  Smith,  on  Geology,  Philosophical  Transactions,  1 800,  p.  368. 
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series  of  aqueous  deposits  are  crowded  with  fragments  of 
plants,  corals,  shells,  Crustacea,  fish,  reptiles,  birds,  and  mam- 
malia ;  but  no  fossil  remains  of  man  have  been  discovered, 
except  in  those  accumulations  of  silt  or  mud,  which  belong 
to  the  modern  era — the  yesterday,  as  it  were,  in  the  history 
of  the  past.  It  is  only  in  these  accumulations  that  we 
discover  the  remains  of  even  the  most  ancient  races  ;  that  in 
this  country  we  meet  with  the  implements  of  our  British 
ancestors,  or  the  coins  and  weapons  of  their  Roman  invaders  ; 
that  in  Italy  we  find  the  Cyclopean  structures  and  works  of 
art  of  the  Etruscans,  while  vestiges  of  the  Pelasgi  are  alike 
discoverable  in  similar  deposits  in  Greece  ;  and  in  the  New 
"World,  traces  exist  of  the  Tulteques,  a  people  who  were  the 

Eredecessors  of  the  Mexicans,  and  their  superiors  in  know- 
idge.  Had  man  existed  in  primeval  times,  his  remains  would 
have  been  found  scattered  through  the  varied  deposits  from 
the  oldest  to  the  most  recent.  No  impediment  exists  to  their 
conservation ;  his  bones,  composed  of  the  same  elements 
as  those  of  animals,  are  equally  capable  of  being  kept 
from  destruction;  the  same  battle-field  has  preserved  the 
bones  of  the  horse  and  his  rider ;  the  same  cavern  which, 
in  earlier  eras,  gave  shelter  to  the  hyena  and  the  bear,  has 
retained  their  skeletons,  and  alike  preserved  the  remains 
of  those  human  occupants  who,  at  a  later  period,  found  in 
this  retreat  a  refuge  and  a  tomb.  Still  stronger  proof  of  the 
modern  origin  of  our  species  exists  in  the  fact,  that  if  man 
had  been  an  inhabitant  of  the  earth  during  its  early  history, 
his  skeleton  would  have  constituted  the  least  of  those  relics 
which  he  would  have  bequeathed  to  the  soil.  "We  should 
have  discovered  his  works  of  art,  which  so  far  transcend  in 
duration  his  own  ephemeral  existence:  we  should  have 
found  his  cities  overwhelmed  in  the  waters  of  ancient  seas, 
or  buried  beneath  the  ejections  of  primeval  volcanoes ;  his 
majestic  pyramids  sunk  in  the  bed  of  early  rivers  ;  his  moun- 
tain-temples, hewn  on  the  surface  of  the  oldest  rocks :  we 
should  have  encountered  his  bridges  of  granite  and  of  iron ; 
his  palaces  of  limestone  and  of  marble ;  the  tombs  which  he 
reared  over  the  objects  of  his  affection ;  the  shrines  which 
he  erected  in  honour  of  his  God !  But  in  the  absence  of 
these,  in  any  save  the  most  superficial  deposits,  we  recognise 
the  complete  accordance  of  science  with  Kevelation.  It  is 
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impossible  to  form  a  more  magnificent  conception  of  Infinite 
Wisdom  than  that  which  Greology  exhibits ;  representing  the 
Supreme  Being  as  first  elaborating  and  perfecting  our  earth 
into  one  sphere  of  blessings;  erecting  on  a  foundation  of 
granite  a  vast  superstructure  of  sandstones,  limestones,  clays, 
coal,  and  the  varied  substances  known  as  rocks:  injecting  their 
fissures  with  minerals  and  metallic  ores;  then,  by  volcanic 
agency,  bringing  these  varied  deposits  near  the  surface,  and 
so  diversifying  the  soil  as  to  present  every  variety  of  condition 
required,  for  its  mineral,  agricultural,  and  economical  cul- 
tivation ;  tempering  the  climate  to  the  degree  best  adapted 
for  human  existence  ;  peopling  it  with  animals  suited  to  the 
use  of  man,  for  supplying  him  with  food,  and  assisting  him 
in  his  labours;  and  finally,  calling  him  into  existence,  to  take 
possession  of  a  world  which  had  been  prepared  for  his  recep- 
tion and  enjoyment. 

ORIGIN  OF  THE  EARTH. — Though  cosmogony  forms  no 
part  of  geology,  yet  we  may  fairly  indulge  a  curiosity  as  to 
the  origin  of  our  planet,  and  seek  the  most  probable  explana- 
tion of  the  mystery  of  its  creation.  Our  guide  in  this  inquiry 
must  be  astronomy ;  we  must  look  from  the  earth  itself  to 
the  kindred  spheres  which  surround  it,  and  to  that  far  more 
extensive  universe  of  which  the  entire  solar  system  con- 
stitutes but  a  unit.  The  hypothesis  which  is  supposed  to 
offer  the  most  probable  explanation  of  the  origin  of  our 
earth,  is  termed  the  nebular  theory;  it  first  originated  in 
the  researches  and  discoveries  of  the  late  Sir  William 
Herschel  and  his  distinguished  son,  and  has  been  confirmed 
by  the  investigations  of  continental  astronomers,  Laplace, 
Gauss,  &c.*  As  a  brief  summary  of  the  hypothesis  it  may 
be  stated,  that  the  observers  above  named  were,  for  a 
lengthened  period,  in  the  habit  of  remarking  appearances  in 
the  heavens  which  seemed  to  them  sufficient  to  account 
for  the  origin  of  new  worlds.  They  observed  that  every 
portion  of  universal  space  abounds  in  expansions  of  attenu- 
ated matter,  reflective  of  light,  which  they  termed  nebulce : 
these  appeared  of  various  figures,  and  in  different  states 
of  condensation,  from  that  of  a  mere  shapeless  film,  to  masses 

*  See  Dr.  Mantell's  Wonders  of  Geology,  vol.  i.  p.  22.  Professor  Nichols, 
works  on  the  Structure  of  the  Universe,  &c. 
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of  more  defined  outline  and  denser  structure;  thence  to 
others  which  assumed  a  globular  or  spheroidal  figure ;  thus 
graduating  through  every  variety  of  form  up  to  orbs  of  light, 
and  suns  and  systems  like  our  own.  The  conclusions  of 
these  distinguished  observers  were  not  founded  on  the 
changes  perceptible  in  any  individual  nebula,  since  the  dura- 
tion of  our  whole  solar  system  would  be  inadequate  to  elicit 
any  change  in  the  condition  of  any  one  of  these ;  but  were 
drawn  from  the  contrast  afforded  by  the  numerous  bodies  of 
this  kind  diffused  throughout  space,  which  exhibit  every  stage 
of  change  and  progression.  The  solar  system  was  supposed 
to  have  been  created  by  this  agency.  The  sun  is  inferred  to 
have  been  alike  the  centre  and  parent  of  the  system ; 
existing  primarily  in  the  shape  of  a  diffused  nebula,  it  is 
supposed  in  the  progress  of  rotation  and  condensation  to 
have  thrown  off  the  planets  Neptune,  Herschel,  Saturn, 
Jupiter,  the  asteroids,  Mars,  the  Earth,  Venus,  and  Mercury, 
while  the  satellites  are  presumed  to  have  been  cast  forth 
from  their  primaries.* 

It  will  readily  be  perceived  that  this  supposed  gaseous 
origin  of  our  planet  contains  within  itself  all  the  conditions 
requisite  for  its  succeeding  changes;  it  being  considered 
that  the  earth  has  passed  from  a  gaseous  to  a  fluid,  and 
thence  to  a  solid  condition,  as  the  varied  processes  of 
rotation,  refrigeration,  and  condensation  have  simulta- 
neously proceeded;  the  spheroidal  form  which  it  now 
presents,  enlarged  at  the  equator  and  flattened  at  the  poles, 
being  precisely  that  which  would  be  assumed  by  a  fluid  body 
rotating  on  its  axis.  When  the  first  thin  pellicle  cooled,  and 
its  surface  hardened,  the  general  physical  divisions  of  the 
globe  are  supposed  to  have  taken  place,  and  the  varied 
phenomena  of  animal  and  vegetable  existence  to  have  com- 
menced. 

To  the  mind  unaccustomed  to  scientific  inquiry,  the  propo- 
sition that  our  globe,  owes  its  origin  to  a  mere  cloud  of 
vapour,  may  appear  as  strange  and  startling  as  many  other 


*  As  Lord  Ross  has  resolved,  with  his  monster  telescope,  many  of  the  nebulse 
into  clusters  of  stars,  the  nebular  hypothesis  must  be  regarded  only  as  a  con- 
jecture ;  it  is  possible  that  with  instruments  possessing  greater  penetrating 
power,  the  whole  of  the  nebulse  might  be  resolved. 


INTERNAL  HEAT  OF  THE  EABTH.  57 

phenomena  which  it  is  the  purpose  of  natural  science  to 
demonstrate  and  explain.  We  have  only  to  advert  to  water, 
to  show  that  this  fluid  may  be  reduced  to  the  most  varied 
and  dissimilar  conditions  by  the  influence  of  heat,  or  by 
chemical  decomposition.  By  lowering  the  temperature,  we 
freeze  it  into  ice ;  by  raising  it,  we  thaw  it ;  by  an  increase 
of  heat,  we  convert  it  into  vapour ;  while  we  can  again  con- 
dense this  vapour  into  water.  By  galvanic  agencyr  we  reduce 
it  to  its  elements,  the  oxygen  and  hydrogen  gases  of  which 
it  is  composed.  Metallic  substances  are  capable  of  like 
transmutations  from  the  most  solid  form  to  that  of  vapour. 
These  facts,  combined  with  others,— the  internal  heat  of  our 
globe,  its  volcanic  eruptions,  its  vaporous  exhalations  and 
thermal  springs, — serve  to  demonstrate  the  extreme  proba- 
bility of  our  planet  having  condensed  to  its  present  solidity, 
from  a  fluid  or  gaseous  state  ;  which  this  hypothesis  assumes 
as  its  original  condition. 

INTERNAL  HEAT  OF  THE  EAETH. — That  the  earth  pos- 
sesses a  source  of  internal  heafc,  is  a  fact  which  is  demon- 
strated by  the  phenomena  already  mentioned.  The  increased 
temperature  of  wells  and  mines,  the  warmth  of  which  aug- 
ments in  a  known  ratio  as  we  descend  ;  the  vaporous  exha- 
lations of  the  earth,  its  streams  of  heated  water,  and  its 
volcanic  eruptions,  all  prove  the  existence  of  such  a  cause. 
To  an  agent  thus  powerful  and  universal  many  of  the 
modifications  of  the  earth's  surface  are  evidently  attribut- 
able, as  the  fusing  of  the  melted  rocks,  and  the  altering  of 
those  which  are  termed  metamorphic,  while  its  operation  in 
existing  volcanoes  is  alike  evident.  The  only  doubt  of  im- 
portance is  as  to  the  nature  of  these  subterranean  fires: 
one  section  of  observers,  among  whom  Humboldt,  Fourier, 
Cordier,  and  Arago,  maintain  the  views  of  Leibnitz,  as  to 
their  resulting  from  the  original  incandescence  of  our  planet ; 
the  other,  attribute  them  to  chemical  agencies  operating 
within  the  depths  of  the  earth.  Meantime  there  are  various 
facts,  such  as  the  mean  density  of  our  earth,  which  is  too 
small  to  allow  of  its  being  wholly  a  solid  mass ;  together 
with  the  undulatory  motion  observed  in  earthquakes,  with 
other  phenomena  of  similar  nature,  which  lead  to  the  con- 
clusion, that  a  large  part  ot  the  interior  of  our  planet  is 
in  a  state  of  fusion  by  heat,  and  that  we  are  existing  on  the 
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external  covering  of  a  mass  of  molten  matter.  The  oscilla- 
tions of  such  a  fluid  tending  towards  different  directions,  will 
sufficiently  account  for  physical  phenomena  of  the  highest 
relative  interest  and  importance,  such  as  the  changes  in  the 
external  aspect  of  the  earth  by  the  elevation  of  continents 
from  the  bed  of  the  ocean,  the  upheaval  of  some  portions  of 
the  surface,  the  submergence  of  others,  and  the  general 
variety  observable  in  its  configuration. 

CEUST  or  THE  EARTH. — We  are  naturally  directed  to 
this  crust,  or  Erdrinde,  (as  the  Germans  term  it,)  as  the 
legitimate  sphere  of  geological  investigation.  These  terms 
are  used  in  a  general  sense,  and  without  reference  to  any 
theory  as  to  its  internal  structure  or  contents.  It  will  be 
best  understood  if  we  describe  it  as  that  portion  of  our 
planet  which  is  accessible  to  human  observation.  It  is  com- 
posed of  a  number  of  substances  more  fully  to  be  described 
hereafter,  which  under  the  name  of  rocks  comprise  every 
element  and  combination,  from  loosely  coherent  beds  of  sand 
and  gravel,  to  crystalline  strata  and  masses  of  granite ;  and 
from  the  ashes  and  scoriae  of  volcanic  ejections,  to  the  hardest 
and  most  compact  kinds  of  trap  and  basalt. 

The  crust  of  the  earth,  although  an  infinitesimal  quantity 
when  compared  with  the  mass  of  the  globe  itself,  is  of 
immense  extent  and  importance.  As  regards  its  thickness, 
which  is  estimated  at  about  ten  miles,  it  bears,  in  a  physical 
point  of  view,  no  greater  relation  to  the  mass  of  the  globe 
than  that  which  would  be  offered  by  a  film  of  gold  leaf 
coating  the  rind  of  an  orange;  regarded  under  another 
aspect,  it  is  the  theatre  of  land  and  water,  of  mountain  and 
valley,  of  ocean,  river,  and  lake,  and  affords  a  sphere  for  the 
existence  of  the  animal,  vegetable,  and  mineral  kingdoms. 

ORDER  AND  SUCCESSION  or  THE  BOCKS. — The  constant 
order  of  sequence  of  the  several  geological  formations  consti- 
tutes one  of  the  most  important  lessons  which  this  science 
teaches ;  on  this  fact  the  first  principles  of  geology  are  based. 
At  a  period  comparatively  recent,  the  utmost  ignorance  pre- 
vailed as  to  the  structure  of  the  earth.  It  was  regarded  as  a 
confused  mass  of  inorganic  matter,  where  heterogeneous 
substances  were  mingled  indiscriminately  together.  It  was 
known  that  at  some  places  solid  rocks  rose  to  the  surface, 
and  that  in  other  regions  they  were  absent ;  but  their  order, 
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succession,  and  continuity  were  unsuspected ;  for  the  laws 
which  determine  these  results  were  unknown.  It  was  re- 
served for  geology  to  deduce  harmony  and  regularity  from 
apparent  discord  and  confusion, — to  extend  the  domain  of 
philosophy,  and  to  enhance  our  conception  of  the  Supreme 
Being  by  revealing  to  us  past  spheres  of  his  creative  wisdom 
and  power.  The  arrangement  of  the  various  formations  may 
be  represented  by  an  alphabetical  series  from  a  to  z ;  and 
this  order,  though  it  is  frequently  imperfect,  is  never  in- 
verted. "We  often  miss  one  or  more  terms  in  the  series,  and 
lose,  say  the  b,  or  h,  or  m,  or  even  several  letters  in  succes- 
sion ;  but  we  never  find  the  6  taking  the  place  of  the  a,  or 
the  d  preceding  the  c,  or  any  member  of  the  series  usurping 
the  position  of  another  which  ought  to  go  before  it ;  in  other 
terms,  we  never  meet  with  the  entire  series  of  deposits  in 
one  place,  but  those  which  do  occur  invariably  follow  the 
regular  order  of  sequence. 

TEOPICAL  CLIMATE  or  THE  ANCIENT  EARTH. — Among 
the  varied  contrasts  afforded  by  the  past  and  present  con- 
dition of  our  globe,  must  be  enumerated  the  fact  so  clearly 
demonstrated  by  the  organic  remains  entombed  in  the  fos- 
siliferous  rocks,  that  the  climate  and  character  of  the  pro- 
ductions now  limited  to  the  immediate  vicinity  of  the 
equator,  once  extended  to  latitudes  far  removed  from  that 
line.  It  is  only,  says  M.  Deshayes,  in  the  second  era  of  the 
tertiary  period,*  the  miocene,  that  the  climate  of  the  earth 
cooled,  from  a  degree  of  heat  exceeding  that  of  the  equator, 
to  a  temperature  equivalent  to  that  of  Grambia  and  Senegal, 
while  it  was  only  at  the  third  and  more  recent  epoch  that  it 
assumed  a  European  character.  These  results  were  deduced 
from  the  comparison  of  a  suite  of  fossil  shells  from  the  ter- 
tiary strata  of  France,  with  a  series  of  recent  species  from 
the  localities  above  mentioned.  The  observations  of  Count 
Sternberg,  on  the  flora  of  the  ancient  periods,  indicate  ana- 
logous changes  in  the  vegetation  of  these  eras ;  while  the 
discoveries  of  Cuvier,  Agassiz,  Owen,  and  Mantell  afford 
similar  testimony  as  to  the  vertebrate  fauna  of  the  secondary 
rocks.  If  we  examine  the  fossiliferous  strata  with  this  view, 
commencing  with  the  most  ancient,  we  shall  find  that  the 

*  Coquilles  Fossiles  des  Environs  de  Paris,  p.  779. 
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organic  remains  they  contain  consist  of  forms  of  zoophytes 
allied  to  such  as  are  indigenous  to  tropical  seas  ;  the  shells, 
to  genera  and  species  that  live  in  the  seas  of  the  torrid  zone. 
The  Crustacea  are  analogous  to  those  of  India,  and  the 
fishes  indicate  a  tropical  clime.  The  carboniferous  period 
affords  evidence  derived  from  the  land,  which  confirms  that 
obtained  from  the  ocean.  The  flora  of  this  period  is  remark- 
able for  the  great  proportion  of  monocotyledonous  over  the 
dicotyledonous  plants — of  trees  allied  to  the  fern,  the  palm, 
the  cane,  and  the  bamboo  ;  the  luxuriant  growth  of  vegetable 
life — the  great  development  of  types  of  structure,  as  ferns  and 
club-mosses,  into  organisms  of  the  magnitude  of  forest  trees — 
the  enormous  extent  of  this  vegetation,  reaching,  as  it  does, 
from  Europe  to  Australia,  with  other  characters,  derived 
from  comparison  with  allied  genera  of  existing  tropical 
plants,  prove  that  the  earth,  during  this  period  of  its 
history,  possessed  a  universal  climate,  the  heat  of  which  was 
not  merely  as  great  as  that  of  tropical  regions  in  our  day, 
but  which  Adolphe  Brogniart  conjectures  as  far  surpassed 
that  of  our  tropics,  as  these  exceed  that  of  the  temperate 
zone  of  our  time.  As  we  advance  onward,  we  meet  with 
accumulating  proofs  of  the  same  fact.  On  arriving  at  the 
new  red  sandstone,  we  reach  the  dawn  of  that  age  of  reptiles 
which  extended  to  the  close  of  the  secondary  rocks,  the 
discovery  of  which  is  due  to  the  comparative  anatomists  of 
the  nineteenth  century. 

Various  hypotheses  have  been  proposed  to  account  for  this 
change  of  climate.  Sir  C.  Lyell  has  suggested  that  a  reversal 
of  the  present  distribution  of  the  land  and  sea  would  afford 
a  sufficient  cause ;  and  has  imagined  that,  if  a  greater  de- 
velopment of  land  now  prevailed  in  the  southern  hemisphere, 
and  of  water  in  the  northern,  as  is  presumed  to  have  been 
the  case  in  the  early  conditions  of  our  globe,  its  ancient 
climate  would  be  restored.  Mr.  Babbage,  with  considerable 
appearance  of  probability,  has  sought  the  cause  in  the  radi- 
ation of  internal  heat,  suggesting  that  the  accumulation  of 
fresh  deposits,  and  the  substitution  of  sedimentary  sub- 
stances, which  are  bad  conductors,  for  water,  which  is  a  good 
conductor  of  heat,  may  have  been  adequate  to  the  result. 
Other  inquirers  have  referred  the  change  to  astronomical 
causes,  and  Sir  John  Herschel  has  recently  suggested  an 
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ingenious  hypothesis.  He  first  states  that  the  amount  of 
heat  derived  by  the  earth  from  the  sun  increases  or  dimi- 
nishes with  the  eccentricity  of  the  earth's  orbit ;  and  that 
this  eccentricity  is  known  to  be  slowly  decreasing.  He  next 
shows  that  the  actual  eccentricity  of  many  of  the  planets 
is  known  to  be  very  considerable  indeed ;  and  concludes 
that  we  have  only  to  form  the  very  natural  conception,  that 
this  eccentricity  of  the  earth's  orbit  was  formerly  greater 
than  it  pow  is — equal  to  that  of  several  of  the  planets,  to 
arrive  at  the  conclusion  that  the  slow  diminution  of  such 
eccentricity  may  have  produced  a  refrigeration  of  climate 
equal  to  that  indicated  by  the  geological  phenomena  just 
described. 

Whatever  may  be  the  cause,  the  fact  is  indisputable ;  the 
tropical  climate  of  the  primeval  earth  is  demonstrated  by  the 
character  of  its  productions ;  and  we  are  compelled  to  admit 
that  a  cause  then  prevailed,  or,  possibly,  a  combination  of  the 
causes  above  enumerated,  which  was  sufficient  to  overcome 
the  effect  of  the  diurnal  and  annual  motion  of  the  globe,  and 
to  render  its  surface  a  vast  hothouse,  calculated  for  the 
growth  of  ultra-tropic  forms  of  animal  and  vegetable  life ; 
while  the  circumstance  is  one  which  the  student  must  regard, 
not  merely  as  an  abstract  truth,  but  as  a  principle  fraught 
with  the  most  useful  and  instructive  application.  No  lesson 
in  science  is  more  difficult  than  that  which  teaches  us  to 
dismiss  impressions  which  early  associations  have  rendered 
familiar,  and  to  substitute  opinions  which,  though  more 
correct,  are  strange  and  new.  In  investigating  the  ancient 
history  of  the  earth,  we  must  change  land  to  sea,  and  sea  to 
land;  we  must  transport  ourselves  to  distant  regions,  and 
to  torrid  climes  ;  we  must  regard  its  oceans  as  vyeing  in 
extent  and  grandeur  with  the  Atlantic  or  Pacific,  abounding 
in  coral  reefs  and  islands,  and  with  tropic  forms  of  marine 
life  ;  its  lakes  as  inland  seas  ;  its  rivers  such  as  to  rival  the 
Amazon  or  Mississippi ;  its  forests  groves  of  ferns,  canes, 
palms,  bananas,  and  bamboos  ;  its  plains  luxuriant  savannahs, 
overgrown  with  grasses  and  gigantic  reeds,  which  sheltered 
and  supported  gigantic  reptiles ;  the  whole  scene  must 
present  the  panorama  of  a  torrid  clime,  with  its  colossal 
.  forms  of  animal  and  vegetable  existence. 

ARCTIC  CLIMATE. — From  various  phenomena  which  have 
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already  been  mentioned,  in  particular  the  occurrence  of 
erratic  blocks,  the  presumed  existence  of  icebergs,  glaciers, 
and  fields  of  ice,  as  well  as  from  the  arctic  character  of  many 
fossil  shells,  it  is  conceived  that  at  a  comparatively  recent 
period,  probably  towards  the  close  of  the  tertiary  epoch,  the 
tropical  temperature  of  the  ancient  earth  was  succeeded  by 
a  climate  of  greater  cold  than  now  prevails  in  the  same 
regions  at  the  present  day. 

EXTINCTION  or  VARIOUS  GENERA  OF  ANIMALS. — This 
fact  will  be  more  fully  exposed  in  our  chapter  on  Palaeon- 
tology. It  may  be  stated  in  general,  that  when  the  physical 
conditions  of  climate,  &c.,  were  favourable  to  certain  forms 
of  animal  life,  they  existed ;  when  the  conditions  changed, 
they  became  extinct,  and  their  places  were  then  filled  by 
others  better  adapted  to  the  new  conditions  of  the  globe ; — • 
one  species  or  genus  became  extinct  after  another,  its  place 
being  occupied  by  a  new  form ;  so  that  after  a  certain  period, 
the  fauna  of  a  country  was  gradually  but  completely  changed. 

In  proportion  as  we  recede  in  our  investigation  from  the 
present  into  the  past,  do  we  meet  with  species  and  genera 
that  no  longer  exist ;  and  in  like  manner  as  we  trace  animal 
forms  from  the  ancient  organisms  of  the  Silurian  strata  up  to 
those  of  the  tertiary  period,  do  we  encounter  types  that 
blend  with  those  of  the  human  epoch. 

OPERATION  OF  MODERN  CAUSES. — The  consideration  of 
this  subject  involves  the  statement  of  so  many  facts,  and  the 
study  of  such  varied  phenomena,  that  we  must  refer  the 
student  to  the  admirable  philosophical  principles  of  Sir  C. 
Lyell,*  for  an  able  exposition  of  the  causes  now  in  operation 
by  which  the  earth's  surface  is  slowly  changed.  The  fol- 
lowing resume  may  be  useful,  by  directing  his  attention  to  a 
careful  study  of  this  most  interesting  and  instructive  branch 
of  physical  investigation  : — 

1.  The  natural  world  is  the  theatre  of  incessant  move- 
ments,  which  are  governed  by  laws   that   are  fixed  and 
immutable. 

2.  The  changes  that  have  occurred  in  the  earth's  surface 
in  past  time  are  essentially  the  same  as  those  now  at  present 
in  progress. 

*  Principles  of  Geology,  vol.  i.  2nd  edit.  • 
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3.  The  vast  cycles  of  time  through  which  these  physical 
agents  have  operated,  accomplish   by  their  duration  what 
they  lose  in  force. 

4.  For  these  reasons,  the  history  of  the  past  is  believed  to 
explain  and  illustrate  the  present,  and  should  be  diligently 
studied,  for  the  right  understanding  of  geological  phenomena. 

5.  Although  nature's  course  is  generally  one  of  repose 
and  incessant  orderly  action,  still  the  volcano,  the  earth- 
quake, and  the  flood  occasionally  disturb  the  harmonious 
play  of  its  hidden  and  silent  operations ;  just  as  the  serenity 
of  the  atmosphere  is  occasionally  overcast  by  the  storm,  or 
visited  by  electric  phenomena.    In  both  cases  the  disturbing 
causes  are  destined  to  effect  an  ultimate  good,  and  work  out 
the  predetermined  designs  of  their  Omnipotent  Author. 
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THE  statements  of  the  foregoing  chapter  constitute  so  many 
exercises.  The  following  examples  may  be  added  for  farther 
illustration : — 

1.  The  first  lesson,  that  such  studies  enable  us  to  appre- 
ciate the  attributes  and  perfections  of  the  Deity,  is  enforced 
by  every  inquiry  into  his  works.     The  mineral,  the  vegetable, 
and  the  animal  kingdoms  vie  with  each  other  in  displaying  the 
perfections  of  their  Author ;  and  as  geology  is  only  another 
name  for  the  combination  of  all  the  studies  of  nature,  it  is 
evident  that  no  other  pursuit  can  afford  such  numerous  and 
instructive  proofs  of  the  benevolence   and  wisdom   of  the 
Creator. 

2.  In  illustrating  the  antiquity  of  the  earth  from  the  fore- 
going chapter,  the  object  will  be  facilitated  by  the  student 
converting  its  statements  into  questions,  and  rendering  the 
answers  which  are   calculated  to   explain  them.     He  will 
further  find  it  expedient  to  insert  these  in  his  note-book, 
and  to  enter  under   each  respective  head  the  information 
which  bears  upon  the  particular  fact. 

3.  The  modern  date  of  man,  as  contrasted  with  that  of  the 
earth  he  inhabits,  is  a  truth  so  self-evident  as  to  require  no 
effort  for  its  demonstration ;  on  this  and  other  statements 
of  the  present  chapter  the  difficulty  would  be,  not  to  establish 
the  facts,  but  to  discover  a   single   argument  that  would 
militate  against  them. 

4.  On  the  internal  heat  of  the  earth,  the  student  will  find 
ample  information  in  the  works  of  those  authors  mentioned 
in  the  text :  questions  of  so  abstruse  a  nature  are  fitter  for 
the  proficient  than  the  student :  he  may  rest  satisfied  at  the 
outset  with  the  fact  of  the  internal  heat  of  the  earth,  without 
indulging  in  speculations  as  to  its  origin. 

5.  The  nature  of  the  crust  of  the  earth,  and  the  texture, 
order,  and  succession  of  the  substances  of  which  it  is  com- 
posed, are  themes  respecting  which  it  is  scarcely  possible  to 
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suggest  any  definite  exercises,  further  than  the  mode  already 
pointed  out,  of  self-examination  by  converting  the  statements 
of  the  previous  chapter  into  questions,  and  returning  the 
appropriate  answers. 

6.  The  tropical  climate  of  the  ancient  earth,  the  changes 
in  the  types  of  animal  and  vegetable  life  consequent  on 
its  refrigeration,  and  the  nature  and  effects  of  modern 
causes,  are,  in  like  manner,  facts  respecting  which  no  exact 
tasks  can  be  assigned ;  the  student  will  find  the  most 
instructive  mode  of  studying  these  and  similar  principles,  to 
consist  in  transferring  the  heads  of  them  to  his  note-book, 
and  making  them  the  subject  of  those  remarks  and  illus- 
trations  which  will  not  fail  to  suggest  themselves  in  the 
course  of  his  geological  studies. 


CHAPTEE  IV. 


Qualifications  of  a  Geologist — Instructions  for  the  Beginner — Practical  Hints 
for  commencing  the  Study  of  the  Science — Scientific  Institutions — 
Works  on  Geology — Collecting  and  arranging  Fossils — The  Microscope. 

QTJALIFI CATIONS  OP  A  GEOLOGIST. — It  will  be  perceived, 
from  the  foregoing  remarks,  that  geology  is  a  science  far  too 
extensive  to  be  successfully  studied,  in  all  its  details,  by  any 
single  mind.  In  fact,  the  perfect  geologist,  like  the  perfect 
orator  of  the  Roman  writer,  is  to  be  regarded  rather  as  a 
creature  of  the  imagination  than  of  real  life.  Such  a  person 
ought  to  be  versed  in  the  complete  circle  of  science,  phi- 
losophy, and  letters,  and  possess  attainments  which  a  whole 
life  is  insufficient  to  acquire.  He  should  be  acquainted 
with  mathematics  and  physics,  that  he  may  be  enabled  to 
judge  of  the  nature  and  importance  of  the  facts  submitted 
to  his  investigation.  He  should  base  his  researches  on  a 
study  of  mineralogy,  that  he  may  be  enabled  to  judge  of 
the  internal  structure  and  external  characters  of  minerals 
and  their  combination  in  rocks.  He  should  possess  a 
knowledge  of  the  theory  and  practice  of  chemistry.  He 
should  acquire  an  extensive  and  well-founded  acquaintance 
with  conchology,  that  he  may  attain  the  power  of  detecting 
the  minute  but  characteristic  distinctions  of  species  and 
varieties  of  recent  and  fossil  shells.  His  skill  as  a  botanist 
should  be  accurate  and  profound,  so  as  not  only  to  enable 
him  to  describe  a  recent  plant,  but  to  determine  from  the 
fragmentary  mineral  relics  of  vegetation,  from  the  veins  of 
a  leaf,  the  markings  of  a  stem,  or  the  character  of  a  seed- 
vessel,  the  tribe  or  family  to  which  the  plant  belongs. 

He  should  not  only  be  so  far  acquainted  with  compa- 
rative anatomy,  as  to  be  able  to  identify  the  character  of 
a  tooth  or  a  bone ;  but  he  should  possess  a  profound  know- 
ledge of  the  laws  of  structure,  to  enable  him  to  reconstruct 
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a  skeleton  out  of  its  fragmentary  parts,  and  restore  to  their 
natural  places  in  the  series,  the  animal  forms  that  inhabited 
the  ancient  earth.  He  should  possess  the  accomplishments 
of  a  draughtsman,  and,  to  some  extent,  the  skill  of  a  sur- 
veyor. He  should  be  proficient  in  the  learned  languages,  to 
enable  him  to  deal  with  the  delicate  question  of  nomencla- 
ture; and  should,  in  like  manner,  be  versed  in  modern 
tongues,  for  the  purpose  of  corresponding  and  conversing 
with  foreign  philosophers,  and  reading  their  works.  It  is 
obvious  that  pursuits  thus  varied  and  extensive  can  scarcely 
be  combined  in  any  one  individual : — 

"  JSTatura  certS 

Multa  tegit  sacra  involucra,  nee  ullis 
Fas  est  scire,  quidem,  mortalrbus  dmnia  ! 

Since,  therefore,  none  of  our  living  geologists  can  boast  the 
whole  of  these  attainments,  though  many  possess  a  consider- 
able part  thereof;  and  since  the  mastery  over  subjects  so 
profound  and  extensive  is  obviously  not  to  be  acquired  by 
a  single  person,  geology  becomes,  in  an  eminent  degree,  a 
co-operative  pursuit.  Accordingly,  our  best  geologists,  while 
they  devote  due  attention  to  the  general  objects  of  the 
science,  confine  their  energies  to  some  single  department, 
and  bring  to  the  general  stock  the  information  they  indi- 
vidually .  acquire.  In  a  science  thus  dependent  on  many, 
the  efforts  of  all  are  useful;  and  while  no  labourer  can 
call  the  territory  his  own,  even  the  tyro  may  contribute  to 
its  progress.  A  very  moderate  acquaintance  with  its  leading 
principles  and  auxiliary  studies  will  authorise  us  to  commence 
our  career;  an  equally  moderate  share  of  application  will 
enable  us  to  pursue  it  with  satisfaction.  When  we  have 
acquired  the  general  outlines  of  the  science — when  we  are 
acquainted  with  the  nature  and  classification  of  the  various 
formations — when  we  can  distinguish  aqueous  from  igneous 
deposits,  and  stratified  from  unstratified  rocks — when  we 
can  specify  the  sedimentary  deposits,  and  recognise  them  by 
their  distinguishing  features  of  mineral  character,  superposi- 
tion, and  characteristic  fossils — when  we  know  some  ten  or 
twelve  of  the  simple  minerals,  and  can  detect  their  com- 
bination in  rocks — when  we  are  acquainted  with  the  genera 
of  shells  appertaining  to  each  formation,  and  have  filled  a 
few  drawers  with  fossils,  and  can  bestow  on  each  its  local 
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habitation  and  its  name,  we  may  commence  a  career,  the 
further  success  of  which  will  depend  solely  on  our  energy 
and  application. 

The  first  difficulties,  however,  are  ever  the  most  arduous ; 
and,  with  the  view  of  assisting  the  student  to  surmount  them, 
we  shall  furnish  a  few  practical  hints,  which  may  tend  to 
facilitate  his  progress,  and  render  his  task  comparatively 
easy  and  delightful. 

THE  SCIENTIFIC  SOCIETIES  AND  OTHER  ADVANTAGES 
AFFORDED  BY  THE  METROPOLIS. — The  student,  if  a  resident 
in  the  capital,  should,  in  the  first  place,  procure  a  ticket  of 
admission  to  the  library  of  the  British  Museum,  by  which 
he  will  obtain  access  to  works  too  voluminous  and  expensive 
for  a  private  collection.  Such  a  ticket  is  to  be  procured 
by  applying  to  the  principal  librarian,  and  producing  a 
recommendation  satisfactory  to  a  trustee  or  an  officer  of 
the  house. 

He  will  also  find  it  expedient  to  avail  himself  of  the 
advantages  afforded  by  the  scientific  collections  of  the  Mu- 
seum; and  the  departments  of  Zoology,  Botany,  Mineralogy, 
and  Fossil  Organic  Remains,  may  be  advantageously  studied 
with  the  aid  of  the  Synopsis. 

The  Geological  Society  will  conduce,  in  an  important 
degree,  to  his  information ;  he  should  inspect  its  collections, 
consult  its  Transactions,  and,  above  all,  attend  its  meetings. 

The  Museum  of  Economic  Geology,  Jermyn-street,  is  an 
establishment,  the  importance  of  which  is  only  beginning  to 
be  appreciated  by  the  public.  It  has  long  been  a  matter 
of  regret,  that  we  possess  no  School  of  Mines,  analogous 
to  those  establishments  on  the  Continent,  where  instruction 
in  the  elementary  departments  of  mining,  and  its  associate 
sciences,  could  be  procured.  Sir  H.  T.  Delabeche  has, 
however,  prevailed  on  the  Government  to  supply  the  defi- 
ciency, by  forming  a  museum  for  the  collection  of  fossils,* 
ores,  minerals,  building-stones,  models  of  mines  and  works, 
together  with  an  office  for  the  records  of  mines. 

The  Royal  Institution  will  afford  excellent  opportunities 
for  acquiring  chemical  and  general  scientific  knowledge. 
The  Linn&an,  Zoological,  Entomological,  and  Microscopic 

*  Ably  superintended  by  Professor  Forbes. 
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Societies  offer  facilities  for  the  prosecution  of  those  studies 
which  they  are  especially  designed  to  promote.  The  means 
of  obtaining  scientific  information  have  also  been  largely 
increased  by  the  establishment  of  King's  College  and  the 
London  University,  where  lectures  on  the  leading  branches 
of  science  are  delivered  by  the  professors. 

WORKS  OJT  GEOLOGY. — The  works  best  adapted  for  each 
particular  department  will  be  named  under  their  respective 
heads.  We  shall  now  enumerate,  in  alphabetical  order,  those 
publications  calculated  for  the  general  study  of  the  science. 

The  Introduction  to  Geology,  by  Mr.  Bakewell,  is  an 
instructive  and  useful  work ;  especially  as  regards  the  mine- 
ralogical  department  of  the  subject. 

The  Bridgewater  Treatise,  by  Dr.  Buckland,  contains  an 
exposition  of  the  chief  phenomena  of  geology,  and  of  the 
design  of  the  Deity,  as  displayed  in  the  creation.  In  pictorial 
beauty,  accuracy,  and  taste,  this  work  is,  perhaps,  unrivalled 
in  scientific  literature. 

The  works  of  Sir  H.  T.  Delabeche  are  numerous  and 
important;  his  Manual  contains  an  instructive  account  of 
the  various  formations ;  while  his  other  writings  are  emi- 
nently valuable  for  the  information  they  afford  on  physical 
geology. 

The  writings  of  Sir  C.  Lyell  are  of  a  high  order  of  merit. 
His  admirable  Principles  contains  'a  valuable  collection  of 
facts,  with  the  most  able  and  philosophical  reasoning  on 
them ;  his  Elements,  though  professedly  designed  for 
students,  are  replete  with  instruction  for  those  who  are 
proficients  in  the  study. 

The  writings  of  Dr.  Mantell  are  deservedly  prized,  both 
by  the  scientific  and  general  public.  The  Fossils  of  Tilgate 
Forest  contain  an  account  of  his  remarkable  discoveries  in 
that  district,  which  he  has  rendered  classic  ground  for  the 
geologist. 

The  Silurian  System  of  Sir  E.  Murchison  comprises,  not 
only  a  most  accurate  delineation  of  the  region  explored 
by  this  indefatigable  observer,  but  an  instructive  review  of 
the  phenomena  connected  with  the  middle  and  lower  forma- 
tions. It  is,  in  fact,  the  most  splendid  monograph  which  has 
yet  appeared  in  the  scientific  literature  of  this  or  perhaps 
any  other  country. 
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Professor  Phillips' s  treatises  on  geology,  in  the  Encyclo- 
paedia Metropolitana  and  the  Cabinet  Cyclopaedia,  are 
valuable ;  and  his  Guide  is  an  admirable  epitome  of  facts. 

The  Geology  of  England  and  Wales,  by  Conybeare  and 
Phillips,  is  the  student's  best  guide  for  the  geology  of  our 
island,  and  will  long  remain  a  monument  to  the  industry  of 
its  authors,  and  a  useful  compendium  of  carefully  compiled 
facts. 

The  Catalogue  of  British  Eossils,  by  John  Morris,  Esq., 
is  an  indispensable  hand-book ;  and  Mr.  Tennant's  smaller 
work  on  the  same  subject  should  be  in  the  library  of  the 
student. 

It  is  impossible  to  pass  over,  in. the  list  of  writings  on 
geology,  the  able  and  learned  treatise  of  the  Rev.  J)r.  Pye 
Smith,  in  which  he  attempts  to  reconcile  the  discoveries  of 
geology  with  the  facts  related  in  Scripture,  and  to  demonstrate 
the  perfect  harmony  of  science  with  Eevelation. 

The  above  are  the  most  important  and  valuable  publi- 
cations in  our  language ;  and  the  student  may  safely  com- 
mence his  studies  under  the  guidance  of  these  works. 

A  Dictionary  of  Geological  Terms  will  be  found  extremely 
useful ;  and  that  of  Dr.  Humble,  or  the  smaller  publication 
by  Mr.  Roberts,  may  be  consulted  with  advantage. 

The  Geological  Chart  of  Sir  H.  T.  Delabeche  will  prove 
highly  instructive :  a  good  geological  map  will  also  be  indis- 
pensable ;  that  of  Mr.  Greenough,  which  is  published  under 
the  sanction  of  the  Geological  Society,  is  the  largest  and 
most  comprehensive.  The  large  Geological  Map  by  Mr. 
Knipe,  or  the  smaller  one  published  by  the  Society  for  the 
Diffusion  of  Useful  Knowledge,  are  both  very  valuable. 

Mr.  Bartlett's  Index  Geologicus  presents,  at  one  view,  a 
sketch  of  the  whole  succession  of  the  deposits — their  animal, 
vegetable,  and  mineral  characteristics,  together  with  an 
account  of  their  agricultural  soil  and  productions,  and  is 
useful  for  reference. 

We  cannot  too  strongly  impress  on  the  student  the  great 
advantage  of  a  common-place  book.  He  should,  indeed, 
have  one  for  each  department — general  geology,  the  minerals, 
the  animals,  and  the  plants.  It  should  possess  an  index, 
and  if  he  enter  under  its  proper  head  the  works  of  the 
various  authors  on  these  subjects,  the  fresh  discoveries 
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continually  made,  and  all  the  information  he  can  collect, 
he  will  very  speedily  find  this  to  be  the  best  and  most 
instructive  volume  in  his  library. 

COLLECTING  FOSSILS. — If  the  student  reside  in  a  district 
abounding  in  fossils,  as,  for  example,  the  crag,  chalk,  oolite, 
lias,  coal,  or  Silurian  formations,  the  task  of  forming  a 
collection  will  be  rendered  comparatively  easy,  since  his 
immediate  neighbourhood  will  afford  an  abundant  supply 
of  specimens ;  by  exchanging  the  productions  of  his  own 
locality  for  those  of  another,  he  will  be  able,  with  the  aid 
of  a  few  occasional  purchases,  to  form  a  collection  calculated, 
riot  only  to  minister  to  his  own  improvement,  but  to  con- 
tribute to  the  advancement  of  science.  The  largest  and  most 
important  collections  have  been  accumulated  under  circum- 
stances unfavourable  to  the  prosecution  of  such  pursuits, 
and  under  difficulties  and  discouragements  calculated  to 
repress  them.  Amid  other  and  more  pressing  occupations, 
as  a  solace  in  the  evening  from  the  occupations  and  fatigues 
of  the  day,  have  these  treasures  been  gradually  collected, 
until  the  cabinet  of  the  amateur  has  grown  into  the  public 
museum ;  and,  as  in  the  case  of  Dr.  Mantell,  has  been 
deemed  worthy  of  acquisition  by  a  nation. 

ARRANGEMENT  OF  A  CABINET. — The  simplest  mode  of 
arranging  a  collection  is,  by  placing  the  specimens  in  drawers 
sufficiently  deep  to  receive  them.  The  shells  should  be 
gummed  on  boards  covered  with  paper.  Wherever  it  is 
possible,  two  specimens  of  a  species  should  be  obtained,  to 
display  both  back  and  front  thereof ;  and  when  the  fossils 
are  peculiarly  interesting,  the  number  may  be  increased. 

Drawers  fitted  up  with  small  boxes  made  of  card-board  of 
different  sizes,  and  closely  packed  together,  will  be  found 
very  convenient  for  arranging  specimens,  especially  such  as 
bear  handling  without  injury :  this  plan  has  many  advantages, 
and  permits  a  much  larger  number  of  shells  to  be  packed 
away  in  a  cabinet  than  any  other  we  are  acquainted  with. 

The  arrangement  should  be  in  descending  order,  com- 
mencing with  the  most  recent  formations,  and  proceeding 
to  those  of  more  ancient  date.* 

*  The  reader  is  referred  to  the  Instructions  at  the  end  of  this  volume  for 
collecting  Specimens  of  Geology,  published  by  authority  of  the  British  Museum ; 
which  is  from  the  pen  of  C.  Konig,  Esq.,  keeper  of  the  minerals  in  the  National 
Establishment. 
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THE  MICEOSCOPE. — The  perfection  to  which  the  optical 
and  mechanical  construction  of  the  microscope  has  attained, 
has  conferred  upon  the  naturalist  an  inestimable  boon. 
Every  department  of  nature  abounds  with  objects  that  cannot 
be  fully  studied  by  the  unaided  eye  alone,  and  thus  magnify- 
ing powers  are  necessary  to  unfold  the  intimate  structure  of 
a  large  class  of  organic  bodies ;  a  good  microscope  therefore 
becomes  indispensable  to  the  geologist.  This  proposition  is 
proved  by  a  brief  statement  of  what  its  aid  has  effected  in 
palaeontology.  Professor  Owen  observes — "By  the  microscope 
the  supposed  monarch  of  Saurian  tribes,  the  so-called  Basilo- 
saurus  has  been  deposed  and  removed  from  the  head  of  the 
reptilian  to  the  bottom  of  the  mammalian  class.  The 
SaurocepTialus  has  been  degraded  from  the  class  of  reptiles  to 
that  of  fishes  ;  it  has  settled  doubts  entertained  by  some  of 
the  highest  authorities  in  palaeontology,  as  to  the  true 
affinities  of  the  gigantic  megatherium,  and  by  demonstrating 
the  identity  of  its  dental  structure  with  that  of  the  Sloth, 
has  yielded  us  an  unerring  indication  of  the  true  nature  of 
its  food." 

Important  results  have  been  obtained  by  the  investigations 
made  by  Messrs.  Quekett  and  Bowerbank,  on  the  intimate 
structure  of  bone;  from  which  it  appears  that  the  form, 
size,  and  structure  of  the  bone-cell  alone  is  sufficient  to 
decide  the  class  to  which  a  doubtful  specimen  belongs. 
The  researches  of  these  gentlemen  will  be  referred  to  more 
in  detail  in  our  chapter  on  palaeontology. 

Dr.  Carpenter  has  shown  that  the  microscopic  structure 
of  shell  affords  important  data  for  settling  doubts  upon  the 
affinities  of  certain  families  of  the  Mollusca ;  and  Dujardin 
and  D'Orbigny  have  more  fully  described  by  its.  aid  the  sin- 
gular and  interesting  group  of  shells  known  as  Foramenifera, 
which  are  so  abundant  in  rocks  of  the  cretaceous  and  ter- 
tiary periods.  Ehrenberg  has  shown  that  many  deposits 
in  the  tertiary  series  of  Bohemia  are  composed  of  the  silicious 
shields  of  fossil  infusoria;  and  the  same  fact  has  been  observed 
by  the  microscopists  of  our  own  country. 

This  instrument  is  equally  valuable  to  the  investigator  of 
the  remains  of  the  earth's  ancient  Flora ;  sections  of  the 
vegetable  structure  assist  the  observer  in  deciding  the 
families  to  which  the  floras  of  successive  periods  belonged ; 
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and  lie  is  indebted  to  its  aid  for  much  valuable  information 
on  the  plants  which  flourished  during  the  carboniferous 
era.  The  student  should  therefore  procure  a  microscope, 
and  commence  a  series  of  independent  observations.  The 
best  microscopes  are  those  made  by  Messrs.  Powell  and 
Lealand,  Mr.  Ross,  and  Messrs.  Smith  and  Beck,  in  London  ; 
the  object-glasses  made  by  these  gentlemen  are  of  a  first- 
rate  class,  and  their  penetrating  and  defining  powers  have 
never  before  been  equalled;  object-glasses  made  by  the 
English  opticians  are  most  desirable. 

Mr.  Thomas  King,  of  Bristol,  makes  beautiful  instruments; 
his  small  portable  microscope,  and  his  educational  one, 
are  well  suited  for  geological  and  all  other  purposes.  A 
series  of  objects  illustrative  of  palaeontology,  may  be  obtained 
from  Mr.  Topping,*  Mr.  Darker,  f  and  others:  when  the 
student  has  made  himself  acquainted  with  the  character  of 
bone,  teeth,  shell,  and  wood,  he  may  proceed  to  make  thin 
sections  of  these  objects,  which  must  be  mounted  in  Canada 
Balsam;  he  will  soon  make  a  valuable  collection  by  this 
inexpensive  process. 

*  New  Winchester-street,  Pentonville  Hill, 
•f*  Paradise-row,  Lambeth. 
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MINERALOGY. 
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Berzelius,  Weiss,  Mohs,  Neumann,  &c.,  &e. 

COLLECTIONS  : — The  British  Museum,  and  the  Collections  of  the  Universities 
and  Public  Institutions. 

THE  science  of  geology  consists  essentially  of  mineralogy, 
physical  geology,  fossil  botany,  and  palaeontology.  As  these 
pursuits  are  of  the  most  extensive  nature,  and  each  would, 
in  fact,  demand  the  study  of  a  life  fully  to  acquire  it,  we 
shall  content  ourselves  with  offering  that  elementary  and 
practical  information  which  will  serve  as  an  introduction 
to  the  larger  works,  to  which  we  refer  the  student  for  more 
ample  particulars. 

"We  have  already  remarked,  that  a  proper  acquaintance 
with  mineralogy  must  form  the  basis  of  geology.  There  are 
substances  of  common  occurrence,  so  similar  to  each  other, 
that  they  can  only  be  discriminated  by  an  acquaintance  with 
mineralogy  and  by  the  operation  of  the  blowpipe.  Some 
varieties  of  feldspar  so  closely  resemble  certain  kinds  of 
hornstpne,  that  they  can  only  be  recognised  by  being  fusible, 
while  many  of  the  plutonic  and  volcanic  rocks  are  so  nearly 
alike,  that  a  knowledge  of  mineralogy  can  alone  enable  us 
to  distinguish  them.  "We  may  further  add,  that  the  Ger- 
mans, who  study  every  science  so  profoundly,  exact  from  the 
student  at  their  universities,  a  due  proficiency  in  mineralogy, 
before  he  is  allowed  to  commence  the  pursuit  of  geological 
science. 

The  following  outline  of  the  progress  of  mineralogy  is 
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compiled  from  various  sources,  and  among  others  from  Pro- 
fessor Whewell's  History  of  the  Inductive  Sciences,  to  which 
the  student  is  referred  for  more  extensive  details. 

The  information  possessed  by  the  ancients  on  the  subject 
of  minerals  appears  to  have  been  most  scanty :  and  the  pro- 
gress made  towards  a  just  appreciation  of  their  nature  and 
qualities,  in  modern  times,  has  been  extremely  gradual. 

Several  of  those  writers  who  have  been  mentioned  in 
our  sketch  of  the  history  of  geology,  are  alike  honourably 
associated  with  that  of  mineralogy.  Thus  the  celebrated 
Gessner  is  the  first  who  has  written  on  crystallography. 
Palissy  delivered  and  published  lectures  on  mineralogy  at 
Paris.  The  work  of  Encelius  (1557),  though  mingled 
with  the  follies  of  alchemy  as  regards  the  composition  of 
minerals,  is  quoted  with  approbation,  as  presenting  judicious 
views  of  general  classification.  Cesalpinus  and  Schwenkfeld, 
of  Silesia,  are  eulogised  as  having  published  attempts  at 
mineralogical  classification,  which  are  regarded  as  extremely 
satisfactory  for  a  period  when  chemistry  was  so  little  ad- 
vanced. Cesius,  Greorgius  of  Stockholm,  and  Aldrovandus 
wrote  on  the  arrangement  of  minerals,  dividing  them  into 
earths,  solidified  fluids,  stones,  and  metals.  Their  ideas, 
though  mingled  with  the  errors  of  alchemy  and  the  cabala, 
are  often  reasonable. 

Stenson,  the  Dane,  is  noticed  as  •  having  been  the  first  to 
observe  the  constancy  of  form  in  crystals  ;  since  he  remarks 
in  the  work  already  mentioned,  which  was  published  in  1669, 
that  though  the  sides  of  an  hexagonal  crystal  may  vary,  the 
angles  do  not. 

Dominic  Grulielmini,  in  a  dissertation  on  salts,  published 
in  1707,  adopts  the  same  views,  observing  that,  "  since  there 
is  here  a  principle  of  crystallisation,  the  inclination  of  the 
planes  and  angles  is  always  constant;"  and  Professor  Whe- 
well  assures  us  that  he  anticipates  very  nearly  the  views 
of  later  crystallographers,  as  to  the  mode  in  which  crystals 
are  formed  from  elementary  molecules. 

These  writers  were  followed  by  others,  who,  without 
achieving  any  great  discoveries  themselves,  led  the  way  by 
their  labours  to  the  results  subsequently  obtained  by  others, 
and  acted  as  pioneers  in  the  advance  which  the  science 
was  destined  to  make.  Among  these  are  enumerated  Cap- 
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peller,  who  published  his  Prodromus  CrystallograpJiitf,  in 
1723  ;  Bourquet,  whose  Lettres  Philosophiques  sur  la  Form- 
ation de  Sels  et  de  Cristaux  appeared  in  1729 ;  and  Henkel, 
the  physicus,  or  naturalist,  of  the  Elector  of  Saxony,  whose 
Pyritologia  is  dated  1725. 

This  last  writer,  though  his  researches  are  fettered  by  his 
literal  interpretation  of  the  Mosaic  writings,  was  extensively 
acquainted  with  mineral  productions,  and  has  given  some 
valuable  information  on  metallic  veins. 

Bromel,  a  French  mineralogist,  has  the  honour  of  being 
the  first  (1750)  who  classified  mineral  substances  according 
to  their  pyrognostic  qualities,  (those  induced  by  the  agency 
of  heat,)  in  combination  with  their  external  characters. 
Cronstedt  shortly  after  applied  a  mode  of  classification  pre- 
viously unknown,  to  which  all  the  characters  of  mineral  sub- 
stances were  submitted,  since  he  was  the  first  who  took  into 
consideration  their  elementary  composition. 

It  was  reserved,  however,  for  Linnaeus  to  arrange  minerals 
according  to  their  mathematical  forms;  but  though  the 
intuitive  sagacity  of  that  great  man,  observes  Professor 
Whewell,  led  him  to  perceive  that  crystalline  form  was  one 
of  the  most  definite,  and  therefore  the  most  important  of  the 
characters  of  minerals,  he  is  conceived  to  have  failed  in  pro- 
fiting by  this  idea ;  because  in  applying  it  he  did  not  employ 
the  aid  of  geometry,  but  was  guided  chiefly  by  what  appeared 
to  him  resemblances,  which,  however,  were  arbitrarily  selected 
and  often  delusive.  His  efforts  led  to  those  of  a  highly  suc- 
cessful labourer  in  the  same  field,  Borne  de  1'Isle.  The  great 
obstacle  which  lay  in  the  way  of  these  inquiries,  consisted  in 
the  difficulties  presented  by  the  secondary  forms  of  crystals : 
since,  in  consequence  of  the  apparent  irregularities  of  these 
forms,  arising  from  the  extension  or  contraction  of  particular 
sides  of  the  figure,  each  kind  of  substance  may  appear  under 
very  different  forms ;  which,  however,  though  apparently 
dissimilar,  are  connected  with  each  other  by  certain  geome- 
trical relations.  These  may  be  imagined  by  conceiving  a 
certain  fundamental  form,  to  be  cut  into  new  forms,  in  par- 
ticular ways.  Thus,  if  we  take  a  cube  and  cut  oif  all  the 
eight  corners  till  the  original  faces  disappear,  we  shall 
make  it  an  octohedron.  This  truncation  of  angles  and 
edges  had  already  been  noticed  by  Demeste;  while  the 
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celebrated  "Werner  had  published  a  Systema  Mineralogicum, 
in  which  he  had  formally  spoken  of  replacement  by  a  plane, 
an  edge,  and  a  point,  as  methods  in  which  the  forms  of 
crystals  are  modified. and  often  replaced.  The  wider  appli- 
cation of  the  plan  was,  however,  due  to  Rome  de  1'Isle,  who 
in  his  turn  was  eclipsed  by  the  celebrated  Haiiy ;  who  by  the 
variety,  extent,  and  importance  of  his  researches,  during  a 
long  life,  exclusively  devoted  to  mineralogical  inquiries,  may 
be  regarded  as  the  founder  of  the  school  of  modern  crystal- 
lography ;  those  who  followed  him  having  taken  his  views 
either  wholly  or  in  part  as  their  basis.  He  was  the  first 
who  successfully  investigated  the  mathematical  structure  of 
crystals,  taking  up  the  subject  where  it  had  been  left  by 
Rome  de  1'Isle.  He  determined  the  primary  form  of  every 
mineral,  and  showed  how  the  secondary  forms  were  derived 
from  it  by  simple  laws  of  decrement.  The  knowledge 
of  these  primary  forms  enabled  him  to  arrange  minerals 
with  more  precision  than  had  been  done  before  him.  He 
defined  a  mineral  species  to  be  a  substance  compounded 
of  the  same  constituents,  united  in  the  same  proportions, 
and  possessed  of  the  same  crystalline  form.  The  chief 
defects  of  the  system  of  Haiiy,  as  contrasted  with  the  pre- 
sent state  of  the  science,  consist  in  the  method  adopted  by 
him  of  imposing  a  separate  name  on  every  secondary  crystal, 
and  considering  it  as  existing  by  itself.  This  multiplicity 
of  names  renders  it  excessively  difficult,  it  might  be  said 
impossible,  to  remember  all  his  secondary  forms  when  they 
are  very  numerous,  as  happens  with  respect  to  calcareous 
spar,  sulphate  of  barytes,  iron  pyrites,  &c. ;  and  the  perusal 
of  his  book  is  thus  rendered  so  irksome,  that  it  can  hardly 
be  undertaken  without  some  specific  object.  But  the  grand 
defect  of  his  system  consists  in  the  inaccuracy  of  his  measure- 
ments, which  were  made  only  by  the  common  goniometer,  an 
instrument  not  susceptible  of  giving  the  angle  within  half  a 
degree  of  the  truth.  After  the  invention  of  the  reflective 
goniometer  by  Dr.  Wollaston,  which  is  capable  of  measuring 
angles  within  one  minute,  the  angles  of  all  crystalline  bodies 
were  again  examined  by  other  mineralogists;  and  it  was  found 
that  those  assumed  by  Haiiy  were  very  seldom  the  true  ones, 
differing  from  the  real  measurement  frequently  by  several 
degrees.  This  general  inaccuracy  has  rendered  the  measure- 
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ments  and  calculations  of  Haiiy  of  comparatively  little 
value. 

It  may  here  be  expedient  to  offer  a  brief  definition  of  the 
recent  discoveries  of  those  laws  of  chemistry,  which  have  so  in- 
timate a  relation  with  the  nature  and  composition  of  minerals. 

Isomerism,  discovered  by  Berzelius,  is  a  principle  which 
is  somewhat  vague  and  doubtful  in  its  application ;  it  may  be 
defined  as  that  law  by  virtue  of  which  bodies  having  the 
same  molecular  composition,  and  the  same  atomic  weight, 
have  different  physical  properties. 

Isomorphism  is  the  law  by  which  an  equal  number  of 
atoms,  combining  in  the  same  manner,  may  give  birth  to 
similar  crystalline  forms,  although  the  constituent  elements 
are  of  a  different  nature. 

Dimorphism  is  a  law  which,  though  previously  known,  has 
been  confirmed  by  the  discoveries  of  Mitscherlich.  It  is 
considered  to  be  only  a  peculiar  kind  of  isomerism. 

The  law  of  equivalents  is  that  by  which  bodies  combine 
with  each  other  in  constant  and  invariable  quantities. 

The  law  of  substitutions  shows  that  constituent  elements 
may  be  substituted  for  each  other,  without  producing  any 
change  in  the  nature  of  the  compounds.  This  law,  which  is 
perhaps  a  peculiar  case  of  the  law  of  equivalents,  was  fatal  to 
the  electro-chemical  theory  of  Berzelius,  since  it  proves  that 
electro-positive  bodies  may  be  substituted  for  electro-nega- 
tive, and  vice  versa. 

The  most  important  additions,  since  the  period  of  Haiiy, 
have  been  made  by  the  endeavours  of  Weiss  and  Mohs  to 
establish  distinct  systems  of  crystallisation,  founded  on 
essential  distinctions  of  crystalline  form.  Professor  Weiss 
showed  the  importance  of  considering  the  axes  in  crystals, 
and  established  on  these  the  distinction  and  classification  of 
crystalline  systems;  he  also  published  a  theory  of  zones, 
calculated  to  facilitate  the  development  of  compound  forms, 
which  has  served  as  the  basis  of  the  representatives  of 
crystalline  forms  to  two  of  his  pupils,  Neumann  and 
Quenstedt.  Professor  Mohs  gave  a  new  exposition  of  the 
principles  of  crystallography,  and  published  a  remarkable 
classification  of  minerals,  founded  solely  on  their  physical 
characters.  He  was  followed  by  Bre'ithaupt,  Haidinger, 
and  Zippe.  Neumann  proposed  a  new  notation  of  crystal- 
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line  forms,  much  more  simple  than  those  of  Weiss  and 
Mohs,  and  published  in  1830  a  treatise  on  crystallography, 
which  is  regarded  as  the  most  learned  and  complete  work 
we  possess  on  the  subject. 

The  principles  assumed  by  the  Germans  have  received 
considerable  confirmation  from  the  brilliant  optical  disco- 
veries of  Sir  David  Brewster.  The  system  of  Mohs,  in 
particular,  is  generally  adopted,  and  with  the  discoveries 
which  confirm  it,  will  be  explained,  in  a  future  page ;  his 
nomenclature  of  single  minerals,  however,  from  being  cum- 
bersome and  difficult,  has  failed.  The  two  electro- chemical 
systems  introduced  by  Berzelius  are  conceived  to  be  im- 
perfect. His  first  attempt  was  to  class  all  minerals  accord- 
ing to  their  electro-positive  element,  and  the  elements 
according  to  their  electro-positive  rank ;  but  the  discovery 
of  isomorphism,  and  the  law  of  equivalents,  virtually  anni- 
hilated the  system.  These  celebrated  discoveries  were,  in 
substance,  as  above-stated,  that  certain  substances  assuming 
the  same  crystalline  form  may  be  substituted  for  each  other 
in  combination,  without  affecting  the  external  character  of 
the  compound.  Hence,  since  bodies  with  very  different 
electro-positive  elements  could  not  be  distinguished  from 
each  other,  it  became  impossible  to  place  them  in  distant 
parts  of  the  same  classification.  The  second  attempt,  by 
the  same  philosopher,  to  found  a  classification  on  electro- 
negative qualities,  is  declared  by  our  able  English  historian 
of  the  sciences,  to  be  no  more  trustworthy ;  for  he  observes, 
if  the  electro-positive  elements  are  isomorphous,  the  electro- 
negative elements  are  sometimes  isomorphous  "also,  and 
cites  the  arseniates  and  phosphates  in  proof  of  his  assertion. 

As  the  summary  of  this  brief  sketch  of  the  history  of  the 
science,  it  may  be  stated  that  the  systems  hitherto  proposed 
can  scarcely  be  regarded  as  satisfactory  or  complete,  though 
we  should  recommend  the  reader  to  study  that  of  Mohs  as 
the  theory  most  generally  received.  The  present  state  of 
our  knowledge  in  this,  as  in  other  departments  of  science,  is 
confessedly  imperfect ;  the  labours  of  the  distinguished  men 
whom  we  have  enumerated,  are  to  be  regarded  as  approxi- 
mations to  the  truth,  rather  than  as  the  truth  itself;  and 
to  borrow  the  conclusion  of  that  author  to  whom  we  are 
so  largely  indebted  for  the  information  here  detailed,  "The 
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combination  of  chemical,  crystallographical,  physical,  and 
optical  properties  into  some  lofty  generalisation,  is  probably 
a  triumph  reserved  for  some  future  and  distant  period." 

Meantime,  it  is  satisfactory  to  know,  that  if  the  theory  of 
mineralogy  continues  uncertain,  its  practical  departments 
have  received  considerable  extension  and  improvement. 
Other  philosophers  have  also  promoted,  by  their  discoveries 
in  kincfred  studies,  the  progress  of  this  pursuit.  The  chemical 
researches  of  Sir  Humphry  Davy  have  proved  the  metallic 
bases  of  the  earths  and  alkalis ;  while  other  inquirers  have 
shown  that  acidity  is  not  an  absolute  but  a  relative  quality, 
and  that  there  are  substances  which,  united  to  certain 
bodies,  act  as  acids,  and  with  others  become  bases.  "While 
the  invention  of  the  reflective  goniometer,  by  Dr.  Wollaston, 
with  the  addition  of  the  mirror  by  Mr.  Sang,  has  brought 
the  measurement  of  crystals  to  mathematical  precision ;  the 
application  of  the  blowpipe  to  the  purposes  of  mineralogy, 
by  Andreas  Swab,  has  formed  an  era  in  the  study ;  this 
instrument,  in  the  hands  of  Bergman,  Grahn,  and  Berzelius, 
has  essentially  contributed  to  perfect  our  inquiries  into  the 
physical  and  chemical  relations  of  the  science. 

It  may  be  expedient,  before  we  enter  further  on  the 
subject,  to  give  an  outline  of  the  general  qualities  of  elemen- 
tary substances. 

The  chemist  divides  bodies  into  simple  and  compound ; 
the  simple  being,  those  out  of  which  nothing  different  from 
themselves  can  be  obtained ;  the  compound,  those  which  con- 
sist of  two  or  more  elements.  It  may  be  cited,  as  a  fact 
indicative  of  the  progressive  character  of  chemical  inquiry, 
that  the  number  of  simple  substances,  known  in  1787,  was 
seventeen;  in  1802,  it  was  twenty-eight;  whereas  we  are 
now  acquainted  with  fifty-five.  If  it  be  objected,  that  many 
substances  now  considered  simple  may  probably  be  compound 
bodies,  which  more  perfect  instruments,  or  more  powerful 
re-agents,  will  enable  us  to  discover ;  it  may  be  fairly  assumed 
that  there  are  elementary  substances  yet  undiscovered,  which 
further  researches  may  bring  to  light. 

The  elementary  bodies  at  present  known  may  be  conve- 
niently classed  under  the  following  heads : — 

Five  gases,  or  vapours  —  oxygen,  hydrogen,  nitrogen, 
chlorine,  and  fluorine. 
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Seven  non-metallic  solids  and  fluids — sulphur,  phosphorus, 
selenium,  iodine,  bromine,  boron,  and  carbon. 

Three  metallic  bases  of  the  alkalis — potassium,  sodium, 
and  lithium. 

Four  metallic  bases  of  the  alkaline  earths — barium,  stron- 
tium, calcium,  and  magnesium. 

Six  metallic  bases  of  the  earths  —  aluminum,  silicum, 
yttrium,  glucinum,  thorinum,  and  zirconium. 

Thirty  metals,  whose  combinations  with  oxygen  produce 
neither  alkalis  nor  earths — 


1  Manganese          4 
2  Iron 
3  Zinc 
4  Tin 
5  Cadmium 
6  Arsenic 
7  Molybdenum 
8  Chromium 
9  Tungstenum 
10  Antimony 

11  Uranium 
12  Columbium 
13  Nickel 
14  Cobalt 
15  Geranium 
16  Titanium 
17  Bismuth 
18  Copper 
19  Tellurium 
20  Lead 

21  Mercury 
22  Silver 
23  Gold 
24  Platinum 
25  Palladium 
26  Ehodium 
27  Osmium 
28  Iridium 
29  Vanadium 
30  Lantane. 

Of  these  metals,  the  first  five  decompose  water  at  a  red 
heat*  The  next  fifteen  do  not  decompose  water  at  any  tem- 
perature, and  their  oxides  are  not  reducible  to  the  metallic 
-state  by  the  action  of  heat  alone.  The  oxides  of  the  rest  are 
decomposed  by  a  red  heat.  It  may  be  added,  that  of  the 
above  there  are  not  more  than  sixteen  elementary  substances 
which  are  of  any  importance  in  the  formation  of  the  earth 
itself  or  the  atmosphere  which  surrounds  it,  and  consequently 
which  possess  any  especial  claim  on  the  attention  of  the 
geologist.  These  substances  are — 


Oxygen 
Hydrogen 
Nitrogen 
Carbon 


Sulphur 
Chlorine 
Fluorine 
Phosphorus 


Silicum 
Aluminum 
Potassium 
Sodium 


Magnesium 
Calcium 
Iron 
Manganese. 


Of  the  above  elements,  oxygen  is  the  most  important. 
It  forms  more  than  one-half  of  the  globe,  constituting  eight 
tons  in  every  thirty-six  of  air,  eight  in  every  nine  of  water, 
nearly  a  half  of  the  more  abundant  earths,  —  silica  and 
alumina  besides  being  present  in  almost  all  vegetable  and 
animal  substances. 

Were  these  bodies  perfectly  free  to  combine  with  each 
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other,  the  amount  of  such  combinations  would  be  infinite, 
and  the  number  of  minerals  endless  ;  but  their  combinations 
are  limited  by  two  important  laws ;  the  first  of  which  is, 
that  certain  substances  have  so  strong  an  affinity  for  each 
other  as  to  combine  and  prevent  combination  between  others 
whose  affinities  are  more  feeble ;  while  in  all  bodies  which 
are  chemical  combinations,  and  not  mere  mechanical  mixtures, 
the  ingredients  unite  only  in  definite  and  invariable  propor- 
tions. Thus  hydrogen  unites  only  with  eight  times  its  weight 
of  oxygen  to  form  water ;  while  this  is  the  lowest  proportion 
in  which  oxygen  enters  into  combination.  The  following 
explanation  of  chemical  nomenclature,  extracted  from  the 
excellent  work  of  Dr.  Turner,  will  convey,  not  only  an  expla- 
nation of  mere  terms,  but  with  these,  of  the  most  important 
principles  of  chemistry  as  connected  with  mineralogy. 

"Chemistry,"  he  observes,  "is  indebted  for  its  nomen- 
clature to  the  labours  of  four  celebrated  chemists — Lavoisier, 
Berthollet,  Gruyton  Morveau,  and  Fourcr-oy.  The  principles 
which  guided  them  in  its  construction,  are  extremely  simple 
and  ingenious.  The  known  elementary  substances,  and  the 
more  familiar  compound  ones,  were  allowed  to  retain  the 
appellations  which  custom  had  assigned  them.  The  newly 
discovered  elements  were  named  after  some  striking  pro- 
perty. Thus,  as  it  was  supposed  that  acidity  was  always 
owing  to  the  presence  of  the  "vital  air,"  discovered  by 
Priestley  and  Scheele,  they  gave  it  the  name  of  oxygen, 
derived  from  two  Greek  words,  signifying  a  generator  of 
acid  ;  and  they  called  "  inflammable  air  "  hydrogen,  from  the 
circumstance  of  its  entering  into  the  composition  of  water. 

"  Compounds,  of  which  oxygen  forms  a  part,  were  called 
acids  and  oxides,  according  as  they  do  or  do  not  possess 
acidity.  An  oxide  of  iron  or  copper,  signifies  a  combination 
of  these  metals  with  oxygen,  which  has  no  acid  properties. 
The  name  of  the  acid  was  derived  from  the  substance  acidified 
by  the  oxygen,  to  which  was  added  the  termination  ic.  Thus, 
sulphur^  and  carbomc  acids  signify  acid  compounds  01 
sulphur  and  carbon  with  oxygen  gas.  If  sulphur,  or  any 
other  body,  should  form  two  acids,  that  which  contains  the 
least  quantity  of  oxygen  is  made  to  terminate  in  ous,  as 
sulphurous  acid.  The  termination  in  uret  was  intended  to 
denote  combinations  of  the  simple  non-metallic  substances, 
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either  with  one  another,  with  a  metal,  or  with  a  metallic 
oxide.  Sulphuret  and  carburet  of  iron,  for  example,  signify 
compounds  of  sulphur  and  carbon  with  iron.  The  different 
oxides  or  sulphurets  of  the  same  substance  were  distinguished 
from  one  another  by  some  epithet  which  was  commonly 
derived  from  the  colour  of  the  compound,  such  as  the  black 
and  red  oxides  of  iron,  and  the  black  and  red  sulphurets  of 
mercury.  Though  this  practice  is  still  continued  occasion- 
ally, it  is  now  more  customary  to  distinguish  different  degrees 
of  oxidation  by  derivatives  from  the  Greek.  Protoxide  sig- 
nifies the  first  degree  of  oxidation,  deutoxide  the  second,  trit- 
oxide,  the  third,  and  peroxide  the  highest.  The  sulphurets, 
carburets,  &c.,  of  the  same  substances,  are  designated  in  a 
similar  way.  The  combinations  of  acids  with  alkalis,  earths, 
or  metallic  oxi4es,  were  termed  salts,  the  names  of  which 
were  so  contrived  as  to  indicate  the  substances  contained  in 
them.  If  the  acidified  substance  contains  a  maximum  of 
oxygen,  the  name  of  the  salt  terminates  in  ate  ;  if  a  mini- 
mum, the  termination  ite  is  employed.  Thus,  sulphate, 
phosphate,  and  arseniafe  of  potash,  are  salts  of  sulphuric, 
phosphoric,  and  arsemc  acids ;  while  the  terms  sulphate, 
phosphate,  and  arsemfe  of  potash,  denote  combinations  of 
that  alkali  with  sulphurous,  phosphorous,  and  arseniows  acids. 
The  advantages  of  a  nomenclature,  which  disposes  the  dif- 
ferent parts  of  a  science  in  so  systematic  an  order,  and  gives 
such  powerful  assistance  to  the  memory,  are  incalculable. 
The  principle  has  been  acknowledged  in  all  countries  where 
chemical  science  is  cultivated,  and  its  minutest  details  have 
been  adopted  in  Great  Britain.  It  must,  however,  be 
admitted,  that,  in  some  respects,  this  nomenclature  is  defec- 
tive. The  erroneous  idea  of  oxygen  being  the  general 
acidifying  principle,  has  exercised  an  injurious  influence  over 
the  whole  structure.  It  would  have  been  convenient,  also, 
to  have  had  a  different  name  for  hydrogen.  But  it  is  now 
too  late  to  attempt  a  change ;  for  the  confusion  attending 
such  an  innovation,  would  more  than  counterbalance  its 
advantages.  The  original  nomenclature  has,  therefore,  been 
preserved,  and  such  additions  have  been  made  to  it  as  the 
progress  of  the  science  rendered  necessary.  The  most 
essential  improvement  has  been  suggested  by  the  discovery 
of  the  laws  of  chemical  combination.  The  different  salts 
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formed  of  the  same  constituents,  were  formerly  divided  into 
neutral-,  super-,  and  swZ»-salts.  They  were  called  neutral  if 
the  acid  and  alkali  were  in  proportion  for  neutralising  one 
another ;  super-salts,  if  the  acid  prevails  ;  and  sub-salts,  if 
the  alkali  is  in  excess.  The  name  is  now  regulated  by  the 
atomic  constitution  of  the  salt.  If  it  be  a  compound  of  one 
equivalent  of  the  acid,  to  one  equivalent  of  the  alkali,  the 
generic  name  of  the  salt  is  employed  without  any  other 
addition;  but  if  two  or  more  equivalents  of  the  acid  be 
attached  to  one  of  the  base,  or  two  or  more  equivalents  of 
the  base  to  one  of  the  acid,  a  numeral  is  prefixed  so  as  to 
indicate  its  composition.  The  two  salts  of  sulphuric  acid 
and  potash  are  called  sulphate  and  bi-sulphate ;  the  first 
containing  one  equivalent  of  the  alkali,  and  the  second,  two 
of  the  former  to  one  of  the  latter.  The  three  salts  of  oxalic 
acid  and  potash  are  termed  the  oxalate,  "Jm-oxalate,  and 
#?m^r0-oxalate,  because  one  equivalent  of  the  alkali  is  united 
with  one  equivalent  of  the  acid  in  the  first,  with  two  in  the 
second,  and  four  in  the  third  salt.  As  the  numerals  which 
denote  the  equivalents  of  a  super-salt  are  derived  from  the 
Latin  language,  Dr.  Thomson  proposes  to  employ  the  Greek 
numerals  dis,  tris,  tetrakis,  to  signify  the  equivalents  of  an 
alkali  in  a  sub-salt." 

The  above  account  of  the  present  system  of  nomenclature 
explains  the  nature  of  the  compound  substances,  termed 
acids,  oxides,  sulphurets,  and  carburets ;  and  we  will  now 
offer  a  slight  explanation  of  the  distinguishing  properties  of 
acids  and  alkalis.  Acids  are  compounds,  capable  of  uniting, 
in  definite  properties,  with  alkaline  and  earthy  bases ;  and 
when  in  a  state  of  solution,  they  either  have  a  sour  taste,  or 
redden  litmus  paper.  Most  acids  contain  oxygen  as  one  of 
their  elements,  which  was  therefore  supposed,  at  one  time, 
to  be  the  acidifying  principle ;  but  acids  exist  which  have 
no  trace  of  oxygen;  and  there  are  bodies — for  instance, 
water — which  contain  a  large  proportion  of  oxygen,  with- 
out possessing  acid  properties.  Alkalis  have  a  peculiarly 
pungent  taste ;  neutralise  acids ;  turn  vegetable  blues  to 
green  ;  change  to  a  reddish  brown  the  yellow  colour  of  paper 
stained  with  turmeric ;  and  restore  the  blue  colour  of  litmus 
paper,  reddened  by  the  action  of  acids. 

Minerals  may  be  discriminated  by  their  external  and  their 
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chemical  characters,  these  last  being  determined  by  two 
kinds  of  analysis,  tne  qualitative  and  the  quantitative,  the 
former  being  again  divisible  into  examination  by  the  blow- 
pipe, or  the  dry  mode,  as  it  is  sometimes  called,  and  the 
action  of  tests  and  re-agents,  or  the  humid  method.  Of 
these  we  shall  confine  our  attention  to  the  external  cha- 
racters, and  the  examination  by  the  blowpipe,  referring  the 
student  for  information  on  those  departments  of  the  investi- 
gation which  have  reference  to  chemistry,  to.  the  works 
of  Thomson,  Brande,  Turner,  Eownes,  &c. 

CRYSTALLISATION. — The  particles  of  liquid  and  gaseous 
bodies,  during  the  formation  of  solids,  sometimes  cohere  to- 
gether in  an  indiscriminate  manner,  and  give  rise  to  shape- 
less masses ;  but  they  occasionally  attach  themselves  to  each 
other  in  a  certain  order,  so  as  to  constitute  solids  possessed 
of  a  regularly  limited  form.  Such  bodies  are  called  crystals, 
and  the  process  by  which  they  are  formed  is  termed  crystal- 
lisation. Certain  crystalline  forms  are  peculiar  to  certain 
substances  ;  and  though  these  forms  are  modified  to  a  con- 
siderable extent,  yet  we  can  invariably,  by  a  careful  dis- 
section of  the  crystal,  extract  from  it  a  nucleus  which  has 
constantly  the  same  form  in  the  same  mineral  species. 
Thus,  whatever  be  the  shape  of  a  crystal  of  calcareous  spar, 
we  can  always  obtain  from  it  an  obtuse  rhomboid ;  while 
every  cube  of  fluor  spar,  by  cautiously  dissecting  off"  the 
angles,  yields  for  a  nucleus  a  regular  octohedron.  Such  a 
nucleus  is  called  a  primary  form,  while  the  secondary  forms 
are  deducible  from  the  primary  by  certain  laws  of-  decrement. 
So  constant  are  these  forms,  that  calcareous  spar  never  crys- 
tallises in  cubes,  nor  fluor  spar  in  rhomboids. 

CRYSTALLOGRAPHY. — A  crystal  may  be  defined  to  be  a 
symmetrical  mineral  solid  contained  within  plane  or  curved 
surfaces. 

These  surfaces  are  called  planes,  or  faces,  as  a,  b,  c  (fig.  4). 

An  edge  is  formed  by  the  meeting  of  two  planes,  as  d. 

Crystals  may  sometimes  be  split  in  directions  parallel  to 
their  natural  planes,  and  frequently  in  other  directions. 

The  splitting  of  a  mineral  in  any  direction,  so  as  to 
obtain  a  new  plane,  is  termed  cleaving  it ;  and  the  crystal  is 
said  to  have  a  cleavage  in  the  direction  in  which  it  splits. 

The  planes  produced  by  cleaving  a  crystal,  are  termed  its 
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cleavage  planes.     A  plane  angle  is  produeed  by  the  meeting 
of  any  two  lines  or  edges. 

The  angles  d  o  e,  d  o  g,  fig.  4,  are 
/}         ~a       «/7      formed  by  the   uniting   of  the  lines 
do,  oe,  and  do,  off. 

A  solid  angle  is  produced  by  the 
meeting  of  three  planes. 

A  plane  angle  is  either  an  acute,  a 
FIG.  4.  right,  or  an  obtuse  angle;  and  these 

will  be  readily  understood  by  the  fol- 
lowing explanations  and  the  accompanying  figures : — 

First  describe  a  circle,  and  divide  it  into  360  degrees ; 

next  draw  a  perpendicular  line  a b,   and  a  horizontal 

line  c d,   intersecting  each   other  at  the  centre,   and 

dividing  the  circle  into  four  equal  parts,  each   containing 
ninety  degrees,  fig.  5. 


FIG.  6. 


If  the  angle  be  less  than  ninety  degrees,  it  is  an  acute 
angle  ;  if  ninety  degrees,  a  right  angle  ;  if  more  than  ninety, 
an  obtuse  angle.  Thus,  in  fig.  6,  a  and  b  form  a  right 
angle ;  b  and  c  an  acute  angle ;  a  and  c  an  obtuse  angle : 
— or  in  another  and  perhaps  simpler  form,  fig.  7,  a  and  b 
are  an  acute  angle;  a  and  c,  a  right  angle;  a  and  d,  an 
obtuse  angle. 

In  fig.  4,  the  plane  a,  and  the  plane  opposite,  on  which  the 
object  is  depicted  as  resting,  are  called  the  summit,  or  the 
base,  or  the  terminal  plane ;  while  the  planes  b  and  c,  with 
those  parallel  to  them,  are  termed  lateral  planes. 

The  edges  of  the  terminal  planes,  as  d,  e,  m,  and  n,  fig.  4, 
are  called  terminal  edges. 

The  edges  f,  g,  and  h,  produced  by  the  meeting  of  the 
lateral  planes,  are  termed  lateral  edges0 
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The  planes  of  a  crystal  are  said  to  be  similar  when  their 
corresponding  edges  are  proportional,  and  their 
corresponding  angles  equal. 

Edges  are  similar  when  they  are  produced 
by  the  meeting  of  planes,  respectively  similar, 
at  equal  angles. 

Angles  are  similar  when  they  are  equal,  and 
contained  within  similar  edges  respectively. 

Solid  angles  are  similar  when  they  are  com- 
posed of  equal  numbers  of  plane  angles,  of 
which  the  corresponding  ones  are  similar. 

An  equilateral  triangle,  fig.  8,  is  a   figure 
contained  within  three  equal  sides,  and   containing  three 
equal  angles. 


FIG.  7. 


FIG.  9. 

An  isosceles  triangle,  fig.  9,  has  two  equal  sides,  a,  I,  which 
may  contain  either  a  right  angle,  or  an  acute,  or  obtuse 
angle.  If  the  contained  angle  be  less  than  a  right  angle,  it 
is  an  acute  angle ;  if  greater,  it  is  obtuse.  The  line  on  which 
c  is  placed  is  called  the  base  of  the  triangle. 

A  scalene  triangle  haa  three  unequal  sides,  and  contains 
three  unequal  angles. 


FIG.  10. 


FIG.  11. 


A  square,  fig.  11,  has  four  equal  sides,  containing  four 
right  angles. 

A  rectangle,  fig.  12,  has  its  adjacent  sides,  a  and  Z>,  unequal, 
the  four  contained  angles  being  right  angles. 
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A  rhomb,  fig.  13,  has  four  equal  sides,  but  its  adjacent 
angles,  a  and  &,  unequal. 


FIG.  12. 


FIG.  13. 


A  rhomboid  differs  from  a  rhomb,  in  having  only  two, 
instead  of  four,  equal  sides,  as  fig.  14. 


z 


FIG.  14. 


FIG.  15. 


An  oblique-angled  parallelogram,  fig.  15,  has  its  opposite 
sides  parallel,  but  its  adjacent  sides,  a  and  b,  and  its  adjacent 
angles,  c  and  d,  unequal. 

When  certain  forms  of  crystals  are  described  with  refer- 
ence to  the  rhomb,  as  the  figure  of  their  planes,  they  are 
termed  rhombic. 

A  parallelepiped  is  any  solid  contained  within  three  pairs 
of  parallel  planes. 

Crystals  often  present  the  appearance  of  having  lost  then- 
edges  and  solid  angles,  which  are  then  said  to  be  replaced 
by  tangent  planes.  A  tangent  plane,  with  reference  to  an 
edge,  signifies  a  plane  inclined  equally  to  the  two  adjacent 
primary  planes,  and  parallel  to  the  edge  which  it  replaces  ; 
or,  in  plainer  terms,  it  means  cutting  off  the  edge  so  evenly 
as  to  take  off"  as  much  on  one  side  as  the  other,  as  in  the  cube, 


or  octohedron, 


FIG.  16. 


FIG. 17 


and  the  same  description  applies  to  a  solid  angle. 

When  an  angle  is  replaced  by  two  such  converging  planes, 
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terminating  in  an  edge,  like  that  of  a  chisel,  it  is  said  to  be 
bevilled. 

When  a  solid  angle  is  replaced  by  three  or  more  converg- 
ing planes,  it  is  said  to  be  acuminated,  that 
is,  it  is  replaced  by  planes  meeting  in  a  point. 

The  forms  of  crystals  are  divided  into  pri- 
mary and  secondary,  or  derived  forms.  This 
distinction  is  founded  on  the  relation  of  certain 
geometrical  solids  to  each  other ;  on  the  tran- 
sition of  one  form  to  another  exhibited  in 
many  minerals ;  on  the  replacement  or  trun- 
cation of  their  edges  and  solid  angles;  and  on  the  facility  with 
which  most  crystallised  minerals  split  in  certain  directions;  so 
that,  however  various  the  forms  of  their  crystals,  they  may  a]l 
be  reduced  by  cleavage,  into  some  simpler  form,  presenting 
smooth  and  shining  faces,  like  the  natural  planes  of  a  crystal. 

To  exemplify  this  process,  the  student  has  only  to  take 
some  substance  which  may  be  cut  with  ease,  as  a  piece  of 
soap  or  cork,  and  practise  these  cleavages  as  follows :  First 
cut  the  object  into  a  cube,  thus  (fig.  19). 


FIG.  18. 


FIG.  19. 


FIG.  20. 


Then  replace  the  solid  angles ;  in  plainer  terms,  cut  off 
the  corners,  thus  (fig.  20). 

Continue  the  process  (taking  care  to  preserve  the  layers 


FIG.  2 


FIG.  22. 


thus  removed)  till  the  planes  of  the  cube  disappear,  and  the 
octohedron  will  be  the  result  (fig.  21). 
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Again,  if  the  student  cut  off  the  corners  of  the  solid  angles 
of  the  octohedron  (fig.  22),  and  continue  to  enlarge  these 
planes  equally  till  the  faces  of  the  octohedron  disappear,  a 
cube  will  be  formed. 

Or,  if  the  twelve  edges  of  the  octohedron  be  replaced  by 
tangent  planes  (fig.  23), 


FIG.  23. 


FIG.  24. 


FIG.  26. 


and  if  these  be  continued  till  they  intersect,  the  rhombic 
dodecahedron  will  be  the  result  (fig.  24). 

By  the  replacement  of  the  four  alternate  solid  angles,  or 
corners  of  the  cube,  till  the  cubic  faces  disappear,  the  tetra- 
hedron may  be  formed ;  and  by  replacing 
all  the  edges  of  the  cube  with  tangent 
planes  till  they  intersect,  the  rhombic 
dodecahedron,  fig.  24,  may  be  produced. 

In  speaking  of  the  replacement,  or  cut- 
ting off  the  edges,  or  solid  angles,  we  do 
not,  of  course,  mean  that  these  have  actu- 
ally been  cut  off;  for,  in  fact,  they  never 
existed  ;  but  what  is  meant  is,  that  the  same 
appearances  are  produced,  as  if  such  truncations  had  actually 
taken  place. 

"We  have  recommended  the  pupil  to  preserve  the  slices 
which  he  has  taken,  off,  in  producing  the  cube  from  the 
octohedron,  and  the  octohedron  from  the  cube,  because 
each  of  these  forms  being  deducible  from  the  other,  he  will 
only  have  to  replace  them  to  form  the  cube  on  the  octohedron 
by  addition,  as  the  octohedron  was  formed  from  the  cube  by 
diminution ;  and  again,  after  reducing  the  octohedron  to  the 
cube,  he  may  form  the  octohedron  on  the  cube  by  restoring 
the  slices  he  has  removed. 

The  secondary  forms  of  crystals  are  supposed  to  have 
arisen,  from  the  regular  arrangement,  on  the  planes  of  the 
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primary  forms,  of  layers  of  crystalline  matter,  gradually  de- 
creasing in  breadth,  such  layers  being  composed  of  molecules, 
so  infinitely  minute  as  to  be  invisible ; 
so  that  a  pyramid  (fig.  26.)  formed  of 
such  particles,  would  present  on  its 
surface,  no  inequality  which  would  be 
perceptible  to  the  eye. 

With  regard  to  the  forms  of  these 
ultimate  molecules,  it  is  known  that 
secondary  crystals  may  be  cleaved  into 
layers  parallel  to  the  planes  of  a  primary 
nucleus  of  a  different  form,  as  the  cube 
into  the  octohedron,  as  in  the  case  of  fluor,  &c.,  while  these 
layers  may  be  divided  by  cleavage  in  other  directions,  so  as 
to  afford  small  bodies  of  determinate  shape,  which,  divide 
and  sub-divide  them  as  we  may,  still  preserve,  as  long  as 
they  are  visible,  the  same  form.  These  forms,  therefore, 
whether  cubes,  octohedrons,  &c.,  are  considered  as  those  of 
the  component  molecules  of  which  these  crystals  are  com- 
posed. 

The  arrangement  of  the  molecules  is  found  to  be  different 
in  different  forms,  particularly  in  the  case  of  the  rhombic 
and  pentagonal  dodecahedrons.  By  placing  a  low  three- 
sided  pyramid  on  each  plane  of  the  regular  octohedron,  a 
rhombic  dodecahedron  may  be  formed,  as  (fig.  27). 


FIG.  28.  FIG.  29. 

The  rhombic  dodecahedron  may  also  be  formed  from  the 
cube,  by  placing  a  low  quadrangular  pyramid  on  each  face  of 
the  cube,  as  (fig.  28). 

The  pentagonal  dodecahedron  may  likewise  be  formed  on 
the  cube,  by  placing,  on  each  of  its  sides,  an  equal  and 
similar  pyramid,  having  two  triangular  and  two  quadrangular 
planes  (fig.  29). 
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It  will  be  seen  that,  in  the  formation  of  these  two  different 
dodecahedrons  on  the  same  primary  form,  the  cube,  if  the 
molecules,  as  they  doubtless  are,  be  all  of  the  same  cubic 
form,  they  must  be  very  differently  arranged  in  the  two  cases ; 
for  in  the  rhombic  dodecahedron,  fig.  24,  the  faces  are  all 
equal,  and  inclined  on  the  faces  of  the  cube  at  the  same 
angle ;  while  in  the  pentagonal  dodecahedron,  the  faces  of 
the  pyramid  are  only  equal  two  and  two,  a  and  «,  5  and  £, 
and  are  inclined  on  the  planes  of  the  cube  at  different  angles. 
From  measurements  by  the  goniometer,  and  calculations  care- 
fully made,  for  the  purpose  of  determining  the  mode  of  aggre- 
gation of  atoms  of  the  same  shape,  requisite  to  produce  these 
different  forms,  it  has  been  ascertained  that  the  pyramids  of 
the  rhombic  dodecahedron,  fig.  24,  must  be  composed  of  suc- 
cessive layers  of  molecules,  each  layer  being  of  the  thickness 
of  one  molecule,  and  each  successive  layer  diminishing  by 
the  breadth  of  one  molecule  on  each  side ;  but  that  in  the 
case  of  the  pentagonal  dodecahedron,  fig.  29,  the  layers  com- 
posing its  pyramids  must  be  of  the  thickness  of  two  mole- 
cules, and  must  diminish  in  breadth  unequally  on  the  two 
sides;  that  is,  on  the  side  of  the  quad- 
rangular plane  a,  they  must  diminish 
two  molecules  in  breadth,  for  one  in 
height ;  and  on  the  side  of  the  trian- 
gular plane  b,  they  must  diminish  one 
molecule  in  breadth,  for  two  in  height, 
thus— (fig.  30). 

Hence,  it  is  inferred  that  external 
form  depends,  as  might  be  supposed, 
on  internal  structure,  and  is  deter- 
mined by  the  combination  of  minute 
particles  of  regular  shape. 

We  will  now  submit  a  list  of  the  primary  forms,  which,  on 
the  authority  of  Mr.  Brookes,  are  supposed  to  be  in  number 
fifteen:— 

1.  The  cube,  contained  within  six  square  prisms  (fig.  31). 

2.  The  regular  tetrahedron,  contained  within  four  equila- 
teral triangular  planes  (fig.  32). 

3.  The  regular   octohedron,   resembling  two   four-sided 
pyramids,   set   base  to   base.     The   planes   are  equilateral 
triangles ;  and  the  common  base  of  the  two  pyramids,  which 
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\vill  hereafter  be  denominated  the  base  of  the  octohedron,  is 
a  square  (fig.  33). 


TIG.  31. 


FIG.  32. 


4.  The  rhombic  dodecahedron,  contained  between  twelve 
equal  rhombic  planes,  having  six  solid  angles,  consisting 
each  of  four  acute  plane  angles,  the  two  opposite  ones,  as  a 
and  &,  being  sometimes  called  the  summits,  and  eight  solid 
angles  or  corners,  consisting  each  of  three  obtuse  plane 
angles  (fig.  34). 


5.  The  octohedron  with  a  square  base,  which  is  bounded 
by  eight  faces  which  are  similar  isosceles  triangles.  The  base, 
#,  6,  b,  b,  is  always  a  square,  and  is  the  only  part  of  the  figure 
which  is  constant  (fig.  35). 


FIG.  36. 


6.  The  rectangular  octohedron,  which  is  limited  by  eight 
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isosceles  triangles.   The  base,  b, b, 6, 1,  is  always  a  rectangle ; 

but  the  ratio  of  its  two  sides  is  variable,  as  are  all  the  other 

dimensions  of  the  figure  (fig.  36) . 

7.  The  rhombic  octohedron  is  contained  under  eight  faces, 

which  are  similar  scalene  triangles,  while  the  base,  b,  b,  b,  b, 
is  a  rhomb.  All  its  dimensions  are  variable 
(fig.  37). 

8.  The  right  square  prism,  which  is  a 
six-sided  figure,  differing  from  the  cube  only 
in  its  four  lateral  planes,  c,  c,  c,  c,  being  rect- 
angles. The  extreme  or  terminal  planes,  a,  a, 
are  square.  The  term  right  denotes  that  the 
lateral  and  terminal  planes  are  inclined  to 
each  other  at  a  right  angle.  It  is  used  in 

opposition  to   oblique,  which   signifies  that  the   sides   are 

not   perpendicular,  but   form  an   oblique  angle  with  the 

terminal  planes  (fig.  38). 


FIG.  37. 


FIG.  38. 


FIG 


9.  The  right  rectangular  prism  differs  from  the  preceding, 
in  the  terminal  planes,  a,  a,  being  rectangular  instead  of 
square  (fig.  39). 

10.  The  right  rhombic  prism  differs  from  the  preceding 
only  in  its  terminal  planes  being  rhombs  (fig.  40). 


FIG.  40. 


FIG.  41. 


11.  The  right  rhomboidal  prism  differs  from  the  preced- 
ing form,  in  the   terminal  planes,  a,  a,  being   rhomboids 
(fig.  41). 

12.  The  oblique  rhombic  prism ;  in  this  form  the  terminal 
planes,  «,  a,  are  rhombic,  and  the  lateral  planes  form  an 
oblique  angle  with  them  (fig.  42). 
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13.  The  oblique  rhomboidal  prism,  sometimes  called  the 
doubly  oblique  prism,  differs  from  the  preceding  in  the  ter- 
minal planes,  a,  a}  being  rhomboids  (fig.  43). 


FJG.  42. 


14.  The  rhombohedron,  which  is  bounded  by  six  prisms 
which  are  exactly  of  the  same  size  and  form  (fig.  44). 


FIG.  44. 


FIG.  45. 


15.  The  regular  hexagonal  prism,  which  is  bounded  by  six 
perpendicular,  and  two  horizontal  or  terminal  planes,  which 
are  at  right  angles  to  the  former.  Like  the  regular  hexagon 
of  geometry,  the  lateral  planes  incline  to  each  other  at  angles 
of  120  degrees.  If  these  angles  are  not  of  120  degrees,  the 
prism  is  irregular  (fig.  45). 

These  are  considered  as  the  primary  forms,  many  of  which 
are  geometrically  allied  to  each  other.  Thus,  as  we  have 


FIG.  46. 


FIG.  47. 


already  observed,  if  the  six  solid  angles  of  the  octohedron 
are  replaced  by  tangent  planes,  and  these  are  enlarged  till 
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FIG.  48. 


they  intersect  each  other,  and  the  faces  of  the  octohedron 
disappear,  a  perfect  cube  is  produced  (fig.  46) . 

If  the  twelve  sides  of  the  octohedron  (fig.  23)  are  replaced 
by  tangent  planes,  and  these  are  extended  till  they  mutually 
intersect,  the  rhombic  dodecahedron  will  be  formed  (fig.  47). 
The  cube  may,  by  analogous  changes,  be  converted  into 
the   octohedron,   tetrahedron,   and  rhombic   dodecahedron. 
For,  as  previously  stated,  if  the  eight  solid 
angles  of  the  cube  be  replaced  by  equila- 
teral triangles,  and  these  are  enlarged  till 
the  planes  of  the  original   cube  are   de- 
stroyed, the  octohedron  is  the  result. 

The  tetrahedron  may  be  formed  by  re- 
placing the  four  alternate  solid  angles  of 
the  cube  by  tangent  planes,  so  that  all  its 
original  faces  disappear  (see  fig.  32). 

By  replacing  the  twelve  edges  of  the  cube  (fig.  16)  with 
tangent  planes  till  the  new  faces  intersect  each  other,  the 
rhombic  dodecahedron  will  be  produced  (fig.  24) . 

The  octohedron  with  a  square  base  is  allied  to  the  right 
square  prism,  for  if  (fig.  35)  two  tangent  planes  are  substi- 
tuted for  the  solid  angles,  a,  «,  and  the 
edges  of  the  base  are  replaced  by  faces 
perpendicular  to  the  former,  new  forms 
will  result.  If  the  faces  of  the  octo- 
hedron disappear,  the  right  square  prism 
is  formed  (fig.  49)  ;  but  if  traces  of  them 
remain,  secondary  forms,  intermediate  be- 
tween the  two  primary  forms,  will  be  produced. 

The  rectangular  and  rhombic  bctohedrons,  and  the  right 
rectangular  and  rhombic  prisms,  are  associated  with  each 
other.  Thus  on  replacing  the  solid  angles  a,  #,  and  the  four 
edges  of  the  base  of  the  rectangular  octohedron  (fig.  36), 
by  tangent  planes,  and  extending  them  till  the  planes  of 
the  octohedron  disappear,  the  right  rectangular  prism  is 
formed  (fig.  50)  ;  and  the  rhombic  octohedron  (fig.  37), 
by  a  similar  change,  is  converted  into  the  right  rhombic 
prism  (fig.  51). 

By  applying  tangent  planes  to  all  the  edges  of  the  rhombic 
octohedron,  fig.  37,  except  those  of  the  base,  the  rectangular 
octohedron,  fig.  36,  may  be  produced ;  and  by  reversing  the 
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operation,  the  latter  is  converted  into  the  former.     In  this 
last  case,  the  solid  angles  of  the  rhombic  octohedron  must  be 


FIG.  50. 
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so  placed  as  to  bisect  the  edges  of  the  base  of  the  rectangular 
octohedron. 

The  rhombohedron  (fig.  44)  and  the  six-sided  or  hexagonal 
prisms  (fig.  45)  are  allied  to  each  other.  If  tangent  planes 
are  laid  on  the  two  solid  angles  -of  the  rhombohedron, 
and  the  six,  solid,  lateral  angles  marked  5,  or  the  edges 
between  them,  are  replaced  by  equal  planes  perpen- 
dicular to  the  former,  a  six-sided  prism  results;  the  six- 
sided  prism  may  be  reconverted  into  the  rhombohedron,  by 
replacing  all  its  alternate  solid  angles  by  equal  and  similar 
rhombic  planes. 

The  six-sided  prism  is  often  associated  in  nature  (for 
instance  in  quartz)  with  a  six-sided  pyramid,  formed  by  all 
its  terminal  planes,  being  replaced  by  isosceles  triangles 
(fig.  9).  If  the  faces  of  the  prism  disappear,  the  double  six- 
sided  pyramid  results. 

Those  crystalline  forms  which  have  an  intimate  geometrical 
connexion  with  each  other,  are  considered  by  crystallo- 
graphers,  as  constituting  certain  groups, 
which  are  termed  systems  of  crystallo- 
graphy. 

CLASSIFICATION   OF  MOHS.  —  This  ar- 
rangement apportions  the  fifteen  primary 

forms  as  follows  : — 

"> 

I.    The  Tessular  system  comprises  the 
cube   (fig.  52),  the  tetrahedron  (fig.  32),  the  regular  octo- 
hedron (fig.  33),  and  the  rhombic  dodecahedron  (fig.  34). 


II.  The  Pyramidal  includes  the  octohedron,  with  a  square 
base  (fig.  35),  and  the  right  square  prism  (fig.  38). 
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III.  The  Prismatic  comprises  the  rectangular  octohedron 
(fig.  36),  the  rhombic  octohedron  (fig.  37),  the  right  rectan- 
gular prism  (fig.  39),  and  the  right  rhombic 
prism  (fig.  40). 

IV.  The  Hemi-Prismatic  consists  of  the 
right   rhomboidal  prism   (fig.  41),  and  the 
oblique  rhombic  prism  (fig.  42). 

V.  The  Tetarto-Prismatic  is  composed  of 
FIG  53.         *ne  obtiqu6  rhomboidal  prism  (fig.  43). 


VI.  The  Rhombohedral  includes  the  rhombohedron  (fig. 
44),  and  the  regular  hexagonal  prism  (fig.  45). 

Two  or  more  simple  forms  united,  constitute  a  com- 
bination. These  combinations  are  of  great  importance  in 
the  study  of  crystals.  They  are  called  binary,  ternary, 
quaternary,  according  to  the  number  of  simple  forms  com- 
bined. 

The  combination  must  be  derived  from  the  same  fun- 
damental form.  They  must  be  in  such  positions,  with 
regard  to  each  other,  as  are  peculiar  to  the  system  to  which 
they  belong. 

The  edges  in  which  the  faces  of  two  different  forms  con- 
tained in  a  combination  meet,  are  termed  edges  of  combi- 
nation. 

DISCOVERIES  or  SIR  DAVID  BREWSTER.  —  Such  is  a  briet 
outline  of  the  arrangement  of  crystalline  forms  by  Mohs, 
which  is  extensively  adopted  ;  the  distinctions  of  which  are 
so  far  important  that  all  the  forms  which  a  salt  or  other 
mineral  substance  assumes,  almost  always  belong  to  the 
same  system  of  classification.  The  justice  of  this  mode  of 
arrangement  has  been  farther  proved  by  the  optical  inves- 
tigations of  Sir  David  Brewster,  which  will  be  best  under- 
stood by  the  following  explanation  :  — 

If  we  draw  a  black  line  on  paper,  and  view  it  through  a 
piece  of  Iceland  spar,  which  is  the  purest  variety  of  carbonate 
of  lime,*  the  line  will  appear  double  in  every  position  except 
one,  in  which  the  one  line  will  be  observed  to  overlap  the 
other.  In  the  position  at  right  angles  to  that,  the  separa- 

*  See  a  splendid  example  in  the  collection  of  the  British  Museum,  case  43. 
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tion  of  the  two  lines  is  the  greatest  possible.  The  over- 
lapping takes  place  in  what  is  called  the  principal  section  of 
the  crystal,  and  the  greatest  separation  occurs  in  a  plane 
very  nearly  coinciding  with  the  equator  of  double  refraction, 
which  is  a  plane  at  right  angles  to  the  crystallographic  axis 
of  the  rhomboid. 

If  we  cut  off  the  summits  of  the  rhomboid,  and  polish  the 
new  faces,  we  shall  find,  that  a  pencil  of  light  transmitted 
through  these  new  faces  is  not  divided  into  two.  The  line 
along  which  there  is  no  double  image,  is  named  the  axis  of 
double  refraction,  or  the  optic  axis. 

This  discovery  confirms,  in  a  very  important  degree,  the 
correctness  of  the  arrangement  proposed  by  Mohs.  Sir 
D.  Brewster  has  ascertained  that  all  minerals  belonging  to 
the  same  system  are  connected  by  intimate  optical  relations; 
for  instance,  that  all  those  which  belong  to  the  rhombo- 
hedral  and  pyramidal  systems,  have  only  one  axis  of  double 
refraction,  which  is  coincident  with  the  axis  of  symmetry  of 
the  crystal ;  that  all  minerals  belonging  to  the  prismatic 
system,  and  its  subordinates,  have  two  axes  of  double  refrac- 
tion ;  while  all  belonging  to  the  tessular  system  have  either 
three  axes  in  equilibria,  or  are  otherwise  so  constituted 
with  reference  to  this  property,  that  they  do  not  display  any 
double  refraction  at  all. 

The  above  imperfect  sketch  will-  suffice  to  show  that 
crystallography  is  an  extremely  interesting  and  instructive 
study,  and  one  which  can  by  no  means  be  omitted  in  an 
account  of  the  external  characters  of  minerals.  At  the 
same  time  it  cannot  be  denied,  that  however  valuable  or 
attractive  to  the  experienced  mineralogist,  it  is  of  little 
practical  use  in  furnishing  a  guide  for  distinguishing  minerals. 
This  is  especially  the  case  as  regards  the  beginner  and  the 
practical  geologist.  Comparatively  few  minerals  occur  in 
the  state  of  regular  crystals ;  they  are  met  with,  either  mas- 
sive or  so  imperfectly  crystallised,  that  the  student  is  com- 
pelled to  have  recourse  to  other  characters,  which,  when 
united,  are  more  obvious,  though  singly  they  may  be  less 
so  than  that  afforded  by  the  measuring  of  crystals.  Crys- 
tallography, it  may  be  said,  is  to  mineralogy  what  mathe- 
matics is  to  calculation ;  while  the  general  characters  of 
minerals  may  be  considered  as  representing  the  arithmetic 
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of  the  science ;  the  former  being  essential  to  a  complete 
acquaintance  with  the  subject ;  while  the  latter  is  indispen- 
sable for  acquiring  a  general  knowledge  of  the  same. 

EXTERNAL  CHARACTERS  or  MINERALS. — The  next  step 
in  the  progress  of  the  student  will  be  to  render  himself 
acquainted  with  the  external  characters  of  minerals ;  and, 
with  the  view  of  studying  these  and  the  practical  details  of 
the  science,  it  is  essential  that  he  should  possess  a  properly 
arranged  collection ;  and,  if  possible,  that  he  should  avail 
himself  of  the  assistance  of  a  well-qualified  instructor ;  since 
more  may  be  learned  in  a  few  lessons  from  such  a  person,  than 
can  possibly  be  gathered  from  books  in  a  lengthened  period. 
Mr.  Heuland,  Mr.  Sowerby,  Mr.  Stutchbury,  and  Mr.  Ten- 
nant,  are  in  the  habit  of  furnishing  such  collections.  They 
are  likewise  supplied  by  Mr.  Abel,  of  Hamburgh,  and  Mr. 
Krantz,  of  Berlin.  The  specimens  comprising  such  a  cabinet 
need  not  be  either  large,  showy,  or  expensive ;  they  should 
be  arranged  according  to  the  system  of  Phillips  ;  and,  with 
the  exception  of  some  of  the  more  rare  specimens,  should 
comprise  the  substances  enumerated  at  the  close  of  Phillips' s 
Introduction,  (Allan's  edition,  page  Ixxx.)  It  will  also  be 
necessary  to  procure  another  collection  in  fragments,  prepared 
expressly  for  analysis  and  fusion  by  the  blowpipe.  The  works 
required  will  be  few ;  that  of  Phillips  should  form  the  text- 
book ;  Berzelius  on  the  Blowpipe,  Griffin's  Treatise  on  the 
Blowpipe  ;  Sowerby' s  British  Mineralogy  may  also  be  con- 
sulted with  advantage.  The  copy  of  Phillips  should  be  bound 
with  blank  leaves,  for  the  purpose  of  taking  notes  of  the  spe- 
cimens composing  the  collection  of  the  student,  the  lessons  of 
his  instructor,  and  the  general  knowledge  which  he  himself 
acquires.  His  specimens  should  all  be  registered  on  the 
blank  pages,  so  as  to  point  >ut  their  proper  place  in  the 
drawer ;  thus  -f^  may  indicate  that  a  certain  mineral  is 
placed  as  the  fourteenth  object  in  the  sixth  drawer.  The 
student  should  also  possess  a  set  of  models  of  crystalline 
forms,  which  can  be  procured  from  the  parties  above-named. 

In  addition  to  his  own  cabinet,  he  should  farther  avail 
himself  of  the  various  public  stores  within  his  reach ;  the 
splendid  collection  of  the  British  Museum  may  be  consulted 
with  eminent  advantage  by  the  aid  of  the  Synopsis. 

The  reflecting  goniometer  will  be  found  indispensable  for 
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correctly  measuring  the  angles  of  crystals,  and,  as  in  the 
instance  of  augite  and  hornblende,  for  distinguishing  several 
which  present  considerable  similarity  to  each  other.  The 
use  of  the  instrument  is  not  particularly  dinicult,  and  the 
student  is  referred  to  Phillips,  fourth  edition,  Introduction, 
p.  xxxii,  for  directions,  the  observance  of  which  will  speedily 
enable  him  to  attain  the  management  of  it  with  ease  and 
success. 

In  studying  the  characters  of  minerals  according  to  the 
arrangement  of  Phillips,  the  student  should  commence  by 
a  careful  and  attentive  perusal  of  the  admirable  Introduction 
from  page  xiii  to  page  Ixviii.  The  various  external  charac- 
ters detailed  in  page  xviii  should  be  the  object  of  especial 
study,  more  particularly  those  enumerated  in  the  first 
column  in  the  following  list ;  and  the  chapter  on  Structure, 
above  all,  cannot  be  too  firmly  impressed  on  the  mind. 

They  are  as  follow : — 


External  form 

Structure 

Fracture 

Frangibility 

Hardness 

Streak 

Magnetism 

Electricity 

Specific  gravity 


Transparency 

Lustre 

Colour 

Flexibility 

Double  refraction 

Touch,  taste,  and  odour 

Powder 

Adhesion  to  the  tongue 

Phosphorescence. 


CLEAVAGE. — It  may  be  necessary  to  add  a  few  remarks 
on  this  subject,  which  is  not  particularly  dwelt  .on  in  the 
work  of  Phillips.  It  means  the  indications  of  the  faces  of 
the  primary  crystal,  or  at  least  of  some  of  them.  There  are 
several  minerals  which  possess  cleavage  so  perfect,  that  they 
at  once  exhibit  the  crystalline  faces,  by  splitting  into  frag- 
ments, having  each  the  crystalline  shape  of  the  mineral ;  as 
calcareous  spar,  which  breaks  into  rhomboids,  and  galena, 
which  divides  into  cubes.  Other  minerals  require  more  care ; 
sometimes  the  natural  joint  may  be  seen  by  turning  the 
crystal  round  in  a  strong  light ;  and  by  the  application  of  a 
chisel,  or  a  small  knife,  it  may  be  cleaved  in  those  directions ; 
or  it  may  be  split  by  means  of  a  pair  of  small  cutting  pincers, 
whose  edges  are  parallel.  A  small,  short  chisel,  fixed,  with 
its  edge  outward,  in  a  block  of  wood,  is  a  convenient 
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instrument  on  which  to  rest  a  mineral  which  we  are  desirous 
of  cleaving.  Minerals,  sometimes,  cleave  only  in  one  direction, 
as  mica  ;  sometimes  in  two,  three,  or  four.  As  some  prac- 
tice is  requisite,  it  will  be  expedient  to  commence  with  a 
facile  substance,  as  carbonate  of  lime,  or  galena,  and  proceed 
to  others  more  complicated  and  refractory. 

"When  the  student  has  gone  through  this  preliminary 
course  of  reading,  he  may  enter  on  the  practical  examination 
of  his  collection.  In  so  doing,  he  will  find  it  expedient  to 
confine  his  attention  to  a  few  objects  at  once  ;  and  a  single 
genus,  if  somewhat  extensive,  as,  for  instance,  quartz,  will 
afford  ample  study  for  the  first  few  lessons. 

USE  OF  THE  BLOWPIPE. — Having  become  acquainted 
with  the  laws  of  crystalline  form,  and  the  system  of  crys- 
tallography, most  generally  adopted,  as  weft  as  with  the 
general  characters  of  minerals,  the  student  should  next 
examine  them  by  means  of  the  blowpipe.  His  text-book  for 
this  purpose  should  be  a  cheap  and  unpretending  little  work;* 
by  the  guidance  of  which  he  will  not  only  acquire  the  use 
of  that  instrument  with  little  trouble,  but  will  soon  have 
no  difficulty  in  satisfying  himself  of  the  name  and  properties 
of  any  mineral  which  may  fall  in  his  way.  Another  work, 
by  the  same  author,  entitled  "  Chemical  Recreations,"  con- 
tains some  useful  tables  of  the  phenomena  presented  by 
minerals  before  the  blowpipe,  the  colour  of  their  beads  when 
fused  with  the  various  fluxes,  &c.,  &c.  The  directions  con- 
tained in  these  treatises  are  so  simple  and  judicious,  that 
we  shall  at  once  refer  to  them  for  farther  particulars,  and 
content  ourselves  with  a  very  few  practical  observations. 

In  the  first  place,  we  have  ever  found  the  most  simple 
blowpipe  to  be  the  best :  the  common  curved  brass  instru- 
ment used  by  jewellers,  without  a  bulb,  is  what  we  prefer ; 
and  of  these  we  should  recommend  two,  one  with  a  small 
orifice  for  the  inner,  and  one  with  a  larger  for  the  outer 
flame.  With  reference  to  the  use  of  the  instrument,  our  own 
experience  tends  to  convince  us  that  the  difficulty  of  employ- 
ing it  is  much  exaggerated.  "We  add,  however,  the  following 
directions  for  those  who  may  require  them : — 

The  great  object  is  to    maintain  an'  equal   and   steady 

*  Griffin's  Treatise  on  the  Use  of  the  Blowpipe. 
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stream  of  air,  as  long  as  is  required.  To  effect  this,  the 
beginner  should  first  learn  to  breathe  through  the  nostrils, 
keeping  the  mouth  shut ;  next  let  him  distend  the  cheeks 
with  the  air  thus  inhaled,  and  make  several  respirations 
without  allowing  the  air  to  escape  from  his  mouth ;  when 
able  to  effect  this,  let  him  put  a  blowpipe  between  his 
lips,  and  filling  his  mouth  with  air,  expel  it,  gently  and 
steadily,  by  the  action  of  the  cheeks,  while  he  breathes  by 
his  nostrils,  applying  the  tongue  to  the  palate,  so  as  to  inter- 
rupt, in  some  degree,  the  communication  between  the  mouth 
and  the  nostrils.  As  the  air  in  the  mouth  becomes  exhausted, 
it  may  be  renewed  by  withdrawing  the  tongue  from  the  palate, 
and  replacing  it  again,  as  in  pronouncing  the  syllable  tut.  Let 
him  first  practise  this  with  the  blowpipe  alone,  without  apply- 
ing it  to  a  flame  at  all ;  next  let  him  try  to  keep  up  a  flame 
without  directing  it  to  any  object;  and  lastly,  let  him 
attempt  to  oxidise  some  of  the  metals,  to  reduce  some  of  the 
most  facile  ores,  and  to  fuse  some  of  the  most  fusible  earthy 
substances.  Bismuth  or  galena  will  answer  to  begin  with  ; 
and  after  practising  with  a  few  others,  he  may  attempt  the 
various  substances  in  the  order  prescribed  in  the  treatise  of 
Mr.  Griffin. 

As  regards  the  flame,  we  should  advise  him  to  commence 
with  a  candle :  one  of  a  substantial  size  and  large  wick  is  to 
be  preferred ;  such  as  are  called  shoemakers'  candles,  with 
double  wicks,  are  extremely  well  adapted  for  the  purpose. 
As  the  candle,  however,  is  apt  to  gutter  from  the  heat  of  the 
charcoal  on  which  the  mineral  requires  to  be  placed,  the 
student  as  he  advances  may  use  a  tinned  lamp,  which  may 
be  fed  with  oil,  tallow,  or  naphtha.  Alcohol  is  best,  as 
being  clearest,  and  giving  no  smoke,  but  it  is  the  most  ex- 
pensive. The  wick  of  the  lamp  or  candle,  it  may  be  added, 
should  be  divided,  to  give  a  greater  extent  of  flame,  and 
should  be  bent  in  the  direction  of  the  object  to  be  ex- 
amined. The  orifice  of  the  blowpipe  should  be  held  about 
the  tenth  of  an  inch  above  the  bent  wick,  and  the  air  should 
be  impelled  along  the  wick  without  touching  it.  The  ope- 
rator should  place  the  candle  in  such  a  position  as  to  be  able 
to  rest  both  elbows  on  the  table.  It  may  be  necessary  to 
add,  that  a  gentle  and  steady  blast  is  quite  sufficient,  and 
that  beginners  commonly  blow  with  too  much  violence. 
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Should  the  student  still  find  a  difficulty  in  using  the  instru- 
ment, he  has  only  to  apply  to  the  first  working-jeweller  at 
hand,  for  full  instructions  on  the  subject. 

The  blowpipe  is  usually  placed  in  two  different  positions 
with  reference  to  the  flame,  which  will  be  best  explained  by 
the  following  figures.  The  first  represents  the  outer,  or 
oxidating  flame  (fig.  54). 

To  produce  this,  it  is  necessary  to  use  the  blowpipe  with  the 

larger  orifice,  and  to  insert 
it  about  the  tenth  of  an 
inch  into  the  flame,  and 
about  the  same  distance 
above  the  wick,  while  the 
assay,  which  is  supported 
on  a  platinum  hook,  is  held  at  the  point  of  the  flame. 

The  inner  or  reducing  flame  is  managed  as  follows :  the 
blowpipe  should  have  a  smaller  orifice  than  that  employed 
for  the  outer,  or  oxidating  flame ; 
it  is  necessary  to  blow  a   little 
stronger  than  in  the  first  experi- 
ment,   and  the   position    of  the 
assay  should  be  such  that  it  is  sur- 
rounded by  flame  (fig.  55). 
FJG  55  The  small  fragment  of  mineral 

submitted  for  examination  to  the 

blowpipe  is  called  the  assay ;  and  with  respect  to  size,  the 
beginner  should  not  attempt  a  piece  larger  than  a  grain 
of  mustard-seed.  It  is  a  common  fault  to  commence  with 
specimens  which  are  too  large.  It  ought,  if  possible,  to 
be  chipped  off,  in  the  shape  of  a  small  scale,  with  a  sharp 
edge,  or  point,  because  these  points  are  more  easily  acted 
on  than  those  which  are  thicker ;  and  in  proportion  as  the 
point  becomes  rounded,  or  retains  it  sharpness,  it  may  be 
considered  fusible  or  infusible.  Next  take  a  piece  of  char- 
coal, (that  prepared  from  alder  is  best,)  and,  with  a  borer 
made  for  the  purpose,  make  a  neat  little  hole  about  the 
eighth  of  an  inch  deep,  and  the  fourth  of  an  inch  wide,  and 
situate  between  the  centre  and  the  edge  of  the  piece  of 
charcoal.  It  will  be  expedient  to  saw  the  charcoal  into  sticks 
an  inch  square,  and  to  support  them  on  a  piece  of  tin,  bent 
at  the  end  to  hold  them  firmly, 
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The  preparatory  operation,  termed  roasting,  or  calcining, 
consists  in  submitting  the  metallic  arseniurets,  sulphurets, 
and  other  substances,  to  a  low,  red  heat;  the 
supports,  that  is  the  substances  on  which  it  is 
placed,  being  either  charcoal,  mica,  the  open  glass 
tube,  or  the  tube  with  a  bulb  at  the  end,  called  the 
glass  matrass  (fig.  56). 

Unless  this  operation  be  carefully  performed,  so 
as  to  expel  all  the  sulphur  or  other  volatile  matter, 
it  will  be  found  impossible  to  reduce  the  ore  with 

, .    ,,     ,  FIG.  56. 

any  satisfactory  result. 

Fluxes  are  substances  added  to  metallic  ores,  or  other 
minerals,  in  order  to  promote  their  fusion.  The  most  useful 
of  these  are  borate  of  soda,  or  borax ;  carbonate  of  soda,  and 
microcosmic  salt,  which  should  be  procured  pure,  and  kepi; 
in  phials. 

The  mode  of  proceeding  with  the  fragment  of  a  mineral  to 
be  examined  by  the  blowpipe  is  this : — First,  heat  it  gently  in 
the  glass  matrass,  observing  whether  it  give  off  water,  change 
colour,  decrepitate,  give  off  volatile  matter,  and  whether  such 
matter  be  sulphur,  known  by  its  peculiar  odour ;  arsenic, 
which  in  smell  resembles  garlic ;  selenium,  which  gives  an 
odour  resembling  decayed  horseradish ;  or  mercury,  which  is 
known  by  its  peculiar  appearance. 

The  next  step,  will  be  to  heat  another  fragment  of  the 
same  mineral,  without  fluxes,  on  charcoal ;  observing  whe- 
ther, on  being  gently  heated  in  the  outer  flame,  it  gives  off 
volatile  matter,  and  whether  such  matter  be  sulphur,  arsenic, 
or  selenium,  &c. ;  whether  it  decrepitate,  become  magnetic, 
fuse,  and  whether  such  fusion  be  complete,  partial,  quick,  or 
slow ;  with  a  pasty  aspect,  or  with  the  appearance  of  a 
liquid ;  whether  it  intumesce,  and  that  slightly  or  violently  ; 
whether  it  volatilise ;  whether  it  give  off  fumes,  and  whether 
they  be  copious  or  slight,  and  of  what  colour ;  whether 
they  leave  a  remainder  or  not,  and  whether  they  condense 
or  not  on  the  support.  It  is  also  to  be  observed,  whether 
the  assay  colour  the  jet;  burn  either  with  or  without 
a  flame;  change  colour  once,  or  more  than  once;  whether 
it  become  absorbed  by  the  charcoal ;  whether  it  fuse  with  a 
result,  and  whether  such  result  be  a  bead  of  metal,  or  ashes, 
or  powder  ;  a  glassy  globule,  or  a  white  enamel ;  whether  the 
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glass  be  transparent,  or  filled  with  air-bubbles ;  coloured  or 
colourless ;  homogeneous  or  heterogeneous ;  and  whether 
the  enamel  be  smooth,  or  have  the  appearance  of  a  frit,  or 
whether  it  be  homogeneous  or  heterogeneous. 

A  fragment  of  the  mineral  well  roasted,  to  drive  oif  all 
metallic  matters,  is  then  to  be  heated  with  the  different 
fluxes,  and  the  results  noted,  observing  all  the  particulars 
above  enumerated.  The  order  in  which  the  different  appear- 
ances take  place  must  likewise  be  noticed,  and  whether 
they  occur  on  the  first  application  of  heat,  or  after  a  long 
exposure  to  its  action.  For  earthy  minerals,  charcoal  is 
not  a  convenient  support ;  they  may  be  first  dried  in  the 
matrass  ;  and  then  a  small  scale  held  in  the  forceps  is  to  be 
heated,  first  in  the  outer  flame,  then  in  the  inner,  in  order 
to  try  its  fusibility.  If  it  should  prove  refractory  after  a 
long  application  of  the  inner  flame,  and  if  no  appearance  of 
roundness  on  the  point  or  edges  of  a  minute  scale  or  splinter 
can  be  discovered  through  a  lens,  it  may  be  considered 
infusible  by  itself,  and  may  then  be  heated  with  soda,  on 
platinum  foil,  or  wire.  By  this  process,  fusion  will  be 
effected,  and  the  tinge  imparted  to  the  glass  thus  produced 
will  indicate  the  metallic  oxide,  which  forms  the  colouring 
matter  of  the  mineral. 

CLASSIFICATION  OF  MINEKALS. — Mr.  Griffin  divides  mine- 
rals into  four  classes,  according  to  the  phenomena  which 
they  present  when  exposed  to  the  action  of  the  blowpipe, 
and  other  characters  easily  ascertained. 

The  classes  comprise — 


1  Combustible  minerals. 

2  Metallic  minerals. 


3  Earthy  minerals. 

4  Saline  minerals. 


1."  The  combustible  minerals  are  distinguished  by  the 
following  characteristics. 

They  are  of  low  specific  gravity,  generally  below  2'0,  water 
being  as  I/O ;  none,  with  the  exception  of  the  diamond,  being 
above  2 '5,  and  some  so  light  as  to  float  on  water. 

They  are  all  (with  the  exception  of  the  diamond)  soft, 
yielding  easily  to  the  knife ;  some  are  liquid. 

Some  of  them  are  highly  combustible,  at  or  below  a  red  heat. 
The  rest  are  all,  more  or  less,  combustible  by  the  action  of 
the  blowpipe ;  even  the  diamond  is  slowly  combustible  at  a 
less  heat  than  is  required  to  melt  silver 
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2.  The  characteristics  of  the  second  class,  the   metallic 
minerals,  are, 

Specific  gravity  exceeding  5*0. 
Lustre  metallic  when  scraped. 
These  are  in  the  metallic  state. 

Or  specific  gravity  less  than  5'0,  but  more  than  2'5,  and 
they  are  destitute  of  the  metallic  lustre,  but  they  are 
Eeducible  to  the  metallic  state  by  the  blowpipe,  or 
Rendered  magnetic,  or 

They  volatilise  wholly,  or  in  part,  producing  a  vapour,  or 
Communicate  a  colour  to  borax. 

Some  of  the  substances  of  this  class  are  combustible,  but 
their  specific  gravity  greatly  exceeds  that  of  the  combustible 
minerals  of  class  1. 

3.  The  earthy  minerals  are  characterised  as  follow : — 

Insoluble  in  water. 

Tasteless. 

Incombustible  at  a  white  heat. 

Specific  gravity  less  than  5'0. 

They  are  farther  destitute  of  true  metallic  lustre  when 
scraped ;  are  not  reducible  to  the  metallic  state  ;  nor  do  they 
volatilise  at  a  high  temperature  before  the  blowpipe. 

4.  The  saline  minerals  are 

Soluble  in  water,  and 
Impart  a  sapid  taste. 

These  classes  are  divided  into  orders,  and  some  of  the 
orders  into  genera,  and  the  genera  again  into  families. 

The  first  class  is  divided  into  two  orders,  characterised  by 
their  burning  with  a  flame,  or  without  it. 

The  second  class  is  also  divided  into  two  orders,  the  cha- 
racteristics of  which  are  volatilising,  or  not  volatilising.  The 
first  order  is  divided  into  genera,  distinguished,  the  first,  by 
volatilising  wholly ;  the  second,  by  leaving  a  residue  reducible 
to  the  metallic  state  with  borax ;  and  the  third,  a  residue  not 
so  reducible. 

The  characteristics  of  the  families,  into  which  the  genera 
of  the  first  order  are  divided,  are  the  absence  or  presence  of 
the  metallic  lustre. 

The  characters  of  the  genera  of  the  second  order  are,  the 
being,  or  not  being,  reducible  to  the  metallic  state,  either 
with  or  without  borax.  The  families  are  distinguished  by 
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the  absence  or  presence  of  the  metallic  lustre ;  or  by  the 
assay  becoming,  or  not  becoming,  magnetic  after  roasting. 

The  third  class,  the  earthy  minerals,  are  divided  into  three 
orders : — First,  those  that  are  soluble,  wholly,  or  in  consider- 
able proportion,  in  cold,  diluted  muriatic  acid.  Secondly, 
those  fusible  before  the  blowpipe.  Thirdly  those  infusible. 
The  first  order  is  not  divided  into  genera  and  families.  The 
second  and  third  orders  are  divided  into  several  genera,  the 
characteristics  of  which  are  their  different  degrees  of  hard- 
ness ;  and  these  degrees  of  hardness  are  characterised  by  the 
minerals,  first,  scratching  quartz  with  ease ;  secondly,  scratch- 
ing quartz  with  some  difficulty,  and  scratching  feldspar  with 
ease  ;  thirdly,  being  as  hard,  or  harder,  than  feldspar  ;  being 
scratched  by  quartz,  and  scratching  window  glass  with  ease  ; 
fourthly,  being  softer  than  feldspar;  scratching  fluor,  and 
scratching  window  glass  feebly ;  fifthly,  being  scratched  by 
fluor  spar. 

The  fourth  class,  or  the  saline  minerals,  are  divided  into 
two  orders,  the  characteristics  of  which  are,  the  giving  or 
not  giving,  when  in  solution,  a  precipitate  with  carbonated 
alkali.  These  orders  are  not  divided  into  genera  and  fami- 
lies, the  minerals  composing  them  being  few  and  easily 
distinguished. 

By  pursuing  the  various  branches  of  inquiry  which  we  have 
thus  pointed  out,  by  studying  first,  the  principles  of  crystallo- 
graphy ;  next,  the  external  characters  of  minerals ;  and  by 
directing  his  attention,  lastly,  to  their  chemical  relations, 
the  student  will,  by  insensible  degrees,  acquire  a  highly 
valuable  acquaintance  with  this  interesting  science,  and  will 
soon  be  able  to  effect  the  essential  objects  of  identifying  the 
various  mineral  substances  submitted  to  his  inspection,  and 
of  connecting  their  occurrence  with  the  respective  deposits 
in  which  they  are  found  with  the  general  structure  and  past 
history  of  the  earth.  In  short,  he  will  speedily  be  enabled 
to  acquire  a  sufficient  knowledge  of  the  subject  for  every 
purpose  of  geological  investigation. 
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EXEECISES 

ON   CRYSTALLINE   FORMS. 


1.  LET  the  student  take  a  piece  of  soap,  or  of  cork,  and 
cut  it  into  a  form  resembling  fig.  19,  lie  will  produce  a  cube, 
and  will  thus  form  the  first  geometrical  figure  in  the  series. 

2.  Cut  off  the  corners  regularly  and  evenly,  so  as  to  leave 
a  neat  little  triangle  at  each  corner,  he  will  thus  have  replaced 
the  solid  angles  by  triangular  planes  (fig.  20) . 

3.  Continue  cutting   off  the  corners  till 
the  faces  of  the  cube  disappear,  and  he  will 
effect  another  modification ;  the  cube  will  be 
changed  to  the  octohedron  (fig.  21). 

4.  Cut  off  the  corners  of  the  octohedron, 
FIG  57          and  you  will  produce  figure  (fig.  57).   And 

if  you  continue  these  cuttings  till  the  faces 
of  the  octohedron  disappear,  a  cube  will  again  be  formed 
(fig.  22). 

5.  Form  a  cube  a  second  time,  and  cut  away  its  four  alter- 
nate corners,  till  the  faces  of  the  cube  are  destroyed,  and  you 
will  form  a  tetrahedron  (fig.  32). 

6.  Form  a  cube  a  third  time,  and  cut  off  its  edges  evenly 
and  neatly,  so  as  to  take  off  as  much  on  one  side  as  the  other, 
you  will  have  replaced  the  edges  of  a  cube  by  tangent  planes, 
as  figs.  16  and  32. 

7.  Continue  these  cuttings  till  they  intersect,  and  the 
rhombic  dodecahedron  will  again  be  produced  (fig.  34). 

8.  Form  an  octohedron,  and  cut  off  its  twelve  edges  in  a 
like  even  manner,  and  you  will  likewise  replace  its  edges  by 
tangent  planes  (fig.  17). 

9.  Continue  these  cuttings  till  they  touch  each  other,  and 
you  will  again  produce  the  rhombic  dodecahedron  (fig.  34). 

10.  Form  a  cube  for  the  following  purpose.     Cut  off  the 
corners  very  carefully  and  regularly,  and  as  carefully  lay  the 
slices   aside  till   you  have  formed  the  octohedron.     Then 
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replace  the  slices  on  the  octohedron,  till  you  restore  it  to  a 
cube  (figs.  21  and  48). 

11.  Form  an  octohedron  for  the  like  purpose,  reduce  it 
to  a  cube,  and,  by  replacing  the  slices,  restore  it  to  an  octo- 
.hedron  (fig.  33). 

12.  Commit  to  memory  the  names  of  the  fifteen  primary 
forms,  page  92,  et  seq. ;  study  their  characteristic  differences, 
as  well  as  their  geometrical  relations  ;  copy  their  outlines  on 
tracing  paper,  and  study  them  by  the  assistance  of  a  series 
of  models. 

13.  Describe  their  appropriation  in  the  system  of  Mohs. 


EXEECISES 

ON   THE    GENERAL   CHARACTERS    OE   MINERALS. 

1.  WE  would  here  repeat  the  recommendation  to  commence 
reading  with  much  care  the  Introduction  to  Phillips' s  Minera- 
logy, and  to  devote  peculiar  attention  to  the  chapter  on 
structure,  as  well  as  to  the  various  sections  which  treat  of 
external  form,  fracture,  hardness,  double  refraction,  and 
specific  gravity. 

2.  Commit  to  memory  the  divisions  of  mineral  substances, 
as  enumerated  by  Phillips  and  Griffin,  and  learn  the  chief 
types  of  each  class. 

3.  There  are  some  half-dozen  different  substances  which, 
from  their  occasional  resemblance  to  each  other,  should  be 
studied  with  peculiar  assiduity;   and  the  pupil  should  ac- 
custom himself,  both  in  theory  and  practice,  to  distinguish 
between  them,  both  as  single  minerals,  and  in  their  com- 
bination in  rocks.      These   are  quartz,  carbonate   of  lime, 
hornstone,  feldspar,  augite,  and  hornblende.    With  a  view  to 
this  object — 

4.  Describe  quartz  under  its  general  physical  characters 
of  mineral  composition,  hardness,  fusibility,  forms  and  loca- 
lities of  occurrence,  crystalline  form,  and  different  species 
and  varieties 
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5.  Ascertain  in  what  respects  quartz  differs  from  crystal- 
lised carbonate  of  liine,  and  what  are  its  best  distinguishing 
characters. 

6.  Describe  carbonate  of  lime  under  the  heads  specified 
above,  and  repeat  in  what  particulars  it  is  distinguishable 
from  quartz. 

7.  Describe,  in  a  similar  manner,  hornstone  and  feldspar, 
and  state  the  points  of  distinction  between  such  varieties  of 
these  substances  as  resemble  each  other. 

8.  Describe  augite  and  hornblende,  and  state  their  dis- 
tinctive characters. 

9.  Pay  particular  attention  to  the  following  mineral  sub- 
stances, as  being  of  frequent  geological  occurrence,  viz.,  mica, 
talc,  clinkstone,  claystone,  chlorite,  actinolite,  hypersthene, 
diallage,  serpentine,  steatite,  jasper,  porphyry,  basalt,  carbo- 
nate of  magnesia,  bitterspar,   dolomite,  sulphate   of  lime, 
bitumen,  oxide  of  iron,  sulphuret  of  iron,  iron  and  copper 
pyrites,  schorl,  garnet,  and  chiastolite. 

10.  Commit  to  memory  the  names  of  those  minerals  which 
represent  the  scale  of  hardness. 

11.  Select  various  sets,  comprising  each  some  half-dozen 
familiar  substances,  and  describe  their  principal  characters, 
as  primary  form,  fracture,  colour,  transparency,  hardness, 
action  of  acids,  action  of  blowpipe,  &c.  &c. 

12.  "Write  out  a  list  of  crystalline  forms,  and  copy,  on 
tracing  paper,  the  outlines  of  such  as  are  most  familiar  and 
of  frequent  occurrence. 

13.  Copy  and  commit  to  memory  a  list  of  the  zeolites, 
enumerating  their  principal  varieties  and  distinctive  cha- 
racters. 

14.  In   exemplifying   the    above   instances,  the  student 
should  be  careful  to  unite  practice  with  theory,  and  to  com- 
pare every  substance  with  specimens  from  his  own  cabinet, 
with  the  view  to  realise  the  features  of  the  descriptions  which 
he  finds  in  books. 

15.  After  a  short  period,  he  may  place  before  himself  a 
drawer  filled  with  various  but  allied  species  of  minerals,  and 
endeavour  to  ascertain  the  names  and  characters  of  each. 

16.  "When  further  advanced,  he  may  place  before  himself 
a  collection  of  heterogeneous  kinds  and  endeavour  to  iden- 
tify their  names  and  varieties. 
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17.  At  a  more  mature  period  lie  may  disarrange  the  whole 
collection,  and  endeavour  to  restore  each  specimen  to  its 
place. 


CHAPTER  VI. 


PHYSICAL  GEOLOGY. 

Authors  :  —  Hutton,    Playfair,    M'Culloch,    Bakewell,    Lyell,    Murchison, 

Delabeche,  &c.,  &c. 
Museums  : — Geological  Society,  Museum  of  Economic  Geology. 

HAYING-  furnished  elementary  information,  respecting  the 
substances  composing  rocks,  we  now  proceed  to  give  an 
outline  of  the  nature  and  classification  of  the  rocks  them- 
selves. The  most  comprehensive  arrangement  which  the 
student  can  form,  is  by  reducing  them  to  that  fourfold 
division,  under  which  they  may  be  classed  as  follows : — 

I.  After  penetrating   through  the   vegetable   mould,  or 
alluvium,  or  drift,  or  other  superficial  deposit,  the  under- 
lying rock,  at  certain  points,  is  found  to  be  a  substance 
of  crystalline,  or  glassy  texture,  consisting  of  one  or  other 
of  the  plutonic  or  unstratified  rocks,  comprising  granite,  with 
its  associate  deposits  of  syenite,  greenstone,  hypersthene 
rock,  diallage  rock,  and  serpentine ;  or  one  of  the  trap  rocks, 
including   basalt,  porphyry,  clinkstone,  claystone,  compact 
feldspar,  pitehstone,  &c.,  &c.,  which  are  all  characterised  by 
two  distinctive  features — the  absence  of  stratification  and 
of  organic  remains. 

II.  In  other  localities  the  crust  of  the  earth  is  formed  of 
volcanic  rocks,  comprising  the  lavas,  trachytes,  basalts,  grey- 
stones,  obsidian,  pumice,  tufa,  &c.,  the  ejection  of  modern 
volcanoes. 

III.  In  other  places  we  meet,  in  the  same  relative  posi- 
tion, with  the  metamorphic  or  altered  rocks,   or  primary 
strata,  as  they  are  variously  styled,  which  are  conceived 
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to  be  sedimentary  deposits,  altered  by  heat ;  resembling 
the  plutonic  or  unstratified  rocks  in  being  destitute  of 
fossils,  but  differing  from  them  in  presenting  marks  of 
stratification. 

IV.  At  other  points  we  find,  in  similar  situations,  the 
aqueous  or  fossiliferous  strata,  characterised  by  stratification 
and  the  presence  of  fossils. 

ARRANGEMENT  OF  DEPOSITS. — At  an  earlier  period  of  the 
science,  the  arrangement  and  nomenclature  of  the  rocks, 
with  reference  to  their  order  and  succession,  were  determined 
as  follows : — 

The  plutonic  and  metamorphic  rocks  bore  the  general 
name  of  primitive,  it  being  supposed  that  they  were  formed 
before  all  others.  The  deposits  lying  immediately  above 
them,  from  resembling  the  schistose  rocks  below,  in  their 
crystalline  texture,  while  they  bore  a  similarity  to  the  sedi- 
mentary substances  above,  in  exhibiting  proofs  of  mechanical 
origin,  and  containing  organic  remains,  were  conceived  to 
form  an  intermediate  class,  and  the  name  of  transition  rocks 
was  accordingly  employed  to  distinguish  them.  The  succeed- 
ing strata,  up  to  the  chalk,  were  termed  secondary,  and  all 
above  the  chalk  were  named  tertiary  formations.  The 
progress  of  geological  inquiry,  however,  soon  brought  facts 
to  light  which  produced  a  considerable  change  in  this  nomen- 
clature. It  was  found  that  the  so-called  primitive  rocks 
were,  in  fact,  of  various  ages  ;  that  some  had  been  erupted 
as  late  as  the  close  of  the  secondary,  and  others  during  the 
tertiary  period,  having  penetrated  and  altered,  strata  of 
that  date.  That  the  so-termed  transition  strata  were,  in 
like  manner,  of  various  geological  dates  and  characters, 
and  the  result  has  been  the  adoption  of  the  arrange- 
ment now  generally  received,  by  which  the  primitive  rocks, 
as  they  were  previously  termed,  are  distinguished  as  plu- 
tonic, or  unstratified,  and  metamorphic,  or  stratified  ;  while 
the  term  transition  is  virtually  abolished,  and  the  whole 
series  of  fossiliferous  deposits,  from  the  earliest  up  to  the 
chalk,  are  termed  secondary ;  the  inferior  beds  up  to  the 
carboniferous  series  being  sometimes  styled  the  lower ;  those 
from  the  carboniferous  system  to  the  oolite,  the  middle  ;  and 
the  wealden  and  chalk,  the  upper ;  the  strata  which  overlie 
the  chalk  being  named  tertiary ;  while  the  loose  and  super- 


114  ABRIDGEMENT    OF   THE    STRATA. 

ficial  beds  of  sand,  loam,  and  gravel',  are  denominated  modern 
alluvium;  and,  as  these  last  in  some  districts  are  strewed 
with  boulders  and  masses  of  primary  rock,  such  deposits 
with  some  others  are  termed  ancient  alluvium  ;  the  beds  of 
gravel,  &c.,  being  supposed  to  be  the  result  of  agencies  still 
in  operation,  while  the  drift  and  boulders  are  regarded  as 
the  effect  of  violent  floods  or  inundations  which  have  ceased 
to  act  on  our  globe.  These  subjects  of  drift,  or  till,  as  it  is 
locally  termed,  and  erratic  blocks  or  boulders,  have  recently 
engaged  considerable  attention,  and  an  opinion  is  fast 
gaining  ground  that  the  erratic  substances  in  question  are 
the  results  of  an  agent  now  in  operation,  and  that  they 
have  been  transported  by  icebergs  which,  on  melting,  have 
deposited  them  at  the  bottom  of  the  then  existing  sea. 
M.  Agassiz  has  suggested  the  glacial  theory,  to  account  for 
these  deposits  ;  but  this  hypothesis  is  scarcely  received  with 
so  much  favour  as  the  preceding ;  while,  in  either  case,  the 
introduction  of  ice,  as  a  moving  power,  constitutes  a  new 
and  striking  feature  in  geological  inquiry. 
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FOSSILIFEROUS   DEPOSITS. 

The  following  table  will  convey  a  general  idea  of  the 
various  formations,  as  regards  their  distinctive  features  of 
succession,  mineral  composition,  and  fossil  remains  : — 

I.  Alluvium,  modern  and  ancient ;  the  term  modern  being 
applied  to  the  deposits  now  in  course  of  formation,  or  apper- 
taining to  the  historic  period,  comprising  beds  of  rivers, 
lakes,  peat-bogs,  coral-limestones,  volcanic  ejections,  calca- 
reous deposits  from  mmeral  springs,  &c.,  containing  the 
remains  and  the  works  of  man;  the  term  ancient  being 
usually  bestowed  on  like  accumulations  formed  prior  to 
the  historic  era,  and  containing  no  vestiges  of  the  human 
race. 
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THE  TEETIAEY  STEATA. 

II.  A  vast  accumulation  of  various  deposits,  marine,  lacus- 
trine, fiuviatile,  and  volcanic,  containing  marine  exuviae, 
shells  of  the  lake,  river,  and  land ;  plants  and  remains  of 
mammalia  of  extinct  and  existing  species. 


SECONDAEY    STEATA. 

III.  THE  CEETACEOTJS  GTEOTJP. — A  marine  series  of  de- 
posits, including  strata  of  limestone,  sandstone,  marl,  and 
clay,  abounding  in  marine  organic  remains,  as  plants,  corals, 
echinodermata,  mollusca,  Crustacea,  and  fish,  with   turtles 
and  reptiles. 

IV.  THE  WEALDEN  GrEOUP. — An  intercalation  of  fluviatile 
strata,  between  the  lower  greensand  and  the  oolites,  being  the 
delta  of  an  ancient  river,  and  comprising  beds  of  sandstones, 
limestones,  and  clays;   containing  land-plants,  fresh-water 
mollusca,  and  fish ;  tortoises,  turtles,  crocodiles,  and  enor- 
mous   reptiles,   the    iguanodon,    hylseosaurus,   cetiosaurus, 
and  megalosaurus. 

Y.  THE  OOLITIC  G-EOUP. — A  series  of  marine  strata,  of 
enormous  extent;  comprising  limestones,  sandstones,  and 
clays,  replete  with  corals,  shells,  fish,  and  reptiles,  terres- 
trial plants,  and  species  of  mammalia. 

VI.  THE  LIAS. — A  group  of  marine  argillaceous  lime- 
stones, marls,  shales,  and  clays,  with  marine  mollusca,  crin- 
oidea,  and  fishes ;  wood  and  plants,  and  enormous  reptiles, 
chiefly  of  the  genera  ichthyosaurus  and  plesiosaurus. 

VII.  THE  NEW  BED  SANDSTONE  GTEOTJP. — A  marine  for- 
mation, including  marls,  sandstones,  limestones,  and  conglo- 
merates frequently  of  red,  and   occasionally  of  variegated 
hues,  containing  gypsum  and  rock-salt,  with  corals,  mollusca, 
plants,  fish,  and  reptiles. 

VIII.  THE  CAEBONIFEEOTJS  GTEOTTP. — Consisting  of  shales, 
clays,  ironstone,  sandstone,,  millstone-grit,   and  limestone, 
interstratified  with  seams  of  coal,  containing  fresh  water,  and 
marine  mollusca  and  fish,  and  innumerable  remains  of  ter- 
restrial and  aquatic  plants  of  tropical  types,  but  of  extinct 

12 
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genera  and  species.     The  mountain  limestone,  with  some 
beds  of  shales,  sandstones,  and  imperfect  coal. 

IX.  THE  DEVONIAN  G-ROUP. — A  marine  formation ;  con- 
sisting of  red  and  green  marls,   concretionary  limestones, 
called  cornstones,  conglomerate,  tilestone,  micaceous  and  grey 
sandstones,  green  slates,  and  sandstone,  and  blue  crystalline 
limestone,  containing  corals,  mollusca,  and  fish. 

X.  THE  SILURIAN  GROUP. — An  extensive  series  of  marine 
deposits;  comprising  limestones,  sandstones,  grits,  flag-stones, 
shales,   and   slates,  containing   corals,   mollusca,   Crustacea 
(trilobites),  and  fish. 

XI.  THE  CAMBRIAN  G-ROTTP. — A  marine  formation,  com- 
prising vast  beds  of  slate  rocks,  with  dark-coloured  lime- 
stones, and  sandstones,  containing  two  or  three  species  of 
corals,  and  of  brachiopodous  mollusca. 

XII.  THE  CUMBRIAN  G-ROUP. — A  like  extensive  series  of 
deposits,  obviously  of  sedimentary  origin,  but  in  which  no 
organic  remains  have  been  discovered. 


THE    PRIMARY    STRATA. 

XIII.  THE  MICA-SCHIST. — Composed  of  mica  and  quartz, 
interlaminated  so  as  to  present  the  appearance  of  stratifi- 
cation, but  containing  no  organic  remains. 

XIV.  THE  GrNEiss. — Formed  of  the  component  parts  of 
granite;  mica,  quartz,  and  feldspar,  fine-grained  and  lami- 
nated, so  as  to  present  the  appearance  of  having  been  pro- 
duced by  the  abrasion  of  granite,  and  then  deposited   in 
water.      Both  the  gneiss  and  mica-schist  are  supposed  to 
have  been  altered  by  heat,   subsequently  to  their   deposi- 
tion. 


THE  PLUTONIC,  OR  UNSTRATITTED  PRIMARY  ROCKS. 

XV.  THE  GTRANITE  AND  TRAPPEAN  BOCKS. — Comprising 
granite,  syenite,  greenstone,  hornblende,  diallage,  serpentine, 
&c. ;  together  with  basalt,  porphyry,  clinkstone,  claystone, 
and  the  trap  rocks,  the  whole  being  alike  destitute  of  strati- 
fication and  of  organic  remains. 

The  relative  thickness  of  each  of  these  several  deposits 
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has  been  estimated  as  below ;  but  the  statement  must  be 
regarded  only  as  an  approximation  to  the  truth  ;  the  pro- 
bability is  that,  with  reference  to  the  lower  beds,  the  thick- 
ness is  much  greater  than  is  here  mentioned : — 

Feet. 

Tertiary  System 2,000 

Cretaceous        . 1,100 

Wealden 1,000 

Oolite  and  Lias 2,500 

Saliferous 2,000 

Carboniferous          \f 10,000 

Old  Eed  Sandstone      ' 10,000 

Silurian 7,500 

Cambrian 20,000 

Cumbrian,  at  least 10,000 

Primary,  unascertained,  but  far  exceeding  that  of  any  of  the 
superposed  deposits. 


The  annexed  TABLE  exhibits  a  classification  of  the  STEATI- 
FIED FOSSILIFEBOUS  BOCKS,  in  a  descending  order  as  they 
occur  in  England.  Each  period  is  divided  into  groups,  and 
each  group  into  subordinate  stages ;  each  stage  is  charac- 
terised by  a  Fauna  and  a  Flora  that  is  special  to  it. 

STRATIFIED  FOSSILIFEROUS  ROCKS. 

TERTIARY  PERIOD  (Cainozoic  Series,  Phillip/). 

f  Travertin  Peat 
Recent  Group     .     .   |  g^  ^  ^ 

Pleistocene  Group,      J  Marine  beds 
Erratic  block  period,  \  Freshwater  beds 

Pleiocene  Group      .        Mammaliferous  Crag 
Miocene  Group.     .{{£££„„, 

C  Fluvio- Marine  beds 
„  P,  J  Bagshot  Sands 

r°UP     '     '  i  Barton  and  Bracklesham  Sands 
L  Bogrior  Rocks. 


Superior  Order, 
(Conybeare) 
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SECONDARY  PERIOD  (Mesozoic  Series,  Phillips'). 


Super-Medial  Order, 

(Conybeare)  .     .  \ 


Cretaceous  Group 


Wealden  Group 


Oolitic  Group 


^Triassic  Group 


I  Upper  Chalk 
Lower  Chalk 
Upper  Greensand 
Gault 
Lower  Greensand 
Speeton  Clay? 

[  Weald  Clay 
•S  Hastings  Sands 
I  Purbeck  beds 

f  Upper. 

Portland  beds 
Kimmeridge  Clay 

Middle. 

Upper  Calcareous 
Grit— Coral  Rag 
Lower  Calcareous 
Grit — Oxford  Clay 
Kelloway  Rock 

Lower. 
Cornbrash 
Forest  Marble 
Bradford  Clay 
Bath  Oolite 
Fuller's  Earth 
Inferior  Oolite 

Lias. 

Upper  Lias 

Marlstone 

Lower  Lias 

Variegated  Marls 

Muschel  Kalk  (wanting  in 
1       England) 
(^Variegated  Sandstone. 


r 


PRIMARY  PERIOD  (Palaeozoic  Series,  Phillips) 
Permian  Group 


Medial  Order, 
(Conybeare) 


f  Magnesian  Limestone 
I  Lower  Red  Sandstone 


f  Coal  Measures 
«j  Carboniferous  Group    <  Millstone  Grit 

L  Mountain  Limestone 


L 
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Sub-Medial  Order, 
(Conyleare) 


f  Devonian  Group 


Silurian  Group 


[.Cambrian  Group 


["  Conglomerate  and  Sandstone 
•<  Corn  stone  and  Marl 
[_  Tilestone 

C  Upper. 

Upper  Ludlow  Rock 
Aymestry  Limestone 
Lower  Ludlow  Rock 
J  Wenlock  Limestone 
Wenlock  Shale 

Lower. 

Caradoc  Sandstone 
Llandeilo  Flags. 

{Slate  Rocks  of  North  Wales, 
Cumberland,  Westmoreland, 
&c. 


STRATIFIED  NON-FOSSILIFEROUS  ROCKS. 

rClay  Slate 

Inferior  Order,  Talcose  Slate 

(Conybeare)      .    4  Metamorphic  Group    <  Mica  Slate 

Hornblende  Slate 
'-Gneiss 


Unstratified  Rocks 


IGNEOUS  ROCKS. 


f  Volcanic  Group 


L  Plutonic  Group 


(  Basalt 

I 'Greenstone 
Claystone 
-j  Trachyte 
Porphyry 
I  Amygdaloid 
^Lava,  &c.  &c. 

C  Granite 
J  Syenite 
|  Eurite 
(^Pegmatite. 


V   This  Table  is  adopted,  with  slight  modifications,  from  Mr.  TENKANT'* 
"  British  Fossils." 


GEOLOGICAL  DEPOSITS  OF  GREAT  BRITAIN. — The  student 
should  trace  each  separate  group  on  a  geological  map  of  the 
British  Isles. 

To  commence  with  the  most  recent,  the  tertiary  system. 
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we  find  these  deposits  occurring  in  the  Isle  of  Wight,  and 
the  adjacent  counties  of  Hampshire  and  Dorsetshire  ;  they 
appear  in  the  metropolis  and  its  vicinity,  the  valley  of  the 
Thames,  comprising  the  county  of  Middlesex,  with  por- 
tions of  Essex,  Kent,  Surrey,  and  Sussex ;  they  re-appear 
in  the  crag  of  Norfolk  and  Suffolk,  and  are  traced  in  York- 
shire, and  in  part  of  Scotland.  The  chalk  succeeds,  occupy- 
ing portions  of  Sussex,  Surrey,  Kent,  Hants,  Dorset,  Wilts  ; 
and  dipping  under  the  valley  of  the  Thames,  occurs  north  of 
London,  in  the  counties  of  Hertford,  Bedford,  Buckingham, 
Oxford,  Norfolk,  Lincoln,  and  York.  The  local  deposits  of 
the  weald  fill  up  the  interval  between  the  chalk  hills  of 
Surrey  and  Sussex,  known  as  the  North  and  South  Downs, 
and  appear,  to  a  slight  extent,  in  Wiltshire.  The  oolite 
group  follows,  commencing  at  the  Isle  of  Portland,  it  pur- 
sues a  winding  course  through  the  centre  of  England, 
from  the  south-eastern  to  the  north-western  shores ;  pro- 
ceeding through  the  counties  of  Dorset,  Wilts,  Berks, 
Gloucester,  Oxford,  Rutland,  Northampton,  Lincoln,  and 
York,  where  it  terminates  in  the  vicinity  of  Scarborough. 
The  lias  succeeds  in  order,  and  commencing  at  Lyme  Regis, 
follows  a  similar  and  uneven  course,  in  the  same  direction, 
through  the  counties  of  Dorset,  Wilts,  Berks,  Somerset, 
Gloucester,  Warwick,  Leicester,  Nottingham,  and  Lincoln, 
into  Yorkshire,  where  it  is  traced  to  the  sea-coast,  and 
the  cliffs  of  Redcar,  near  the  mouth  of  the  Tees.  The 
new  red  sandstone  commences  in  the  vicinity  of  Exeter, 
and  pursues  a  similar  direction  through  the  midland  dis- 
tricts ;  traverses  the  counties  of  Devon,  Somerset,  War- 
wick, Stafford,  Nottingham,  Lancashire,  Cheshire,  and  Cum- 
berland, where  it  gives  place  to  slaty  rocks,  of  older  date. 
The  magnesian  limestone,  an  associate  deposit,  is  developed 
from  the  Trent  to  the  Tyne,  in  the  counties  of  Nottingham, 
Shropshire,  York,  Westmoreland,  and  Durham.  The  coal 
formation  follows  no  regular  course,  but  is  distributed  in 
local  areas,  called  basins.  The  principal,  commencing  with 
the  south,  are  those  of  Somersetshire,  Gloucestershire, 
North  and  South  Wales,  Worcestershire,  Staffordshire, 
Warwickshire,  Leicestershire,  Derbyshire,  Nottinghamshire, 
Lancashire,  Yorkshire,  Cumberland,  Durham,  and  Nor- 
thumberland; and  in  Scotland,  those  of  the  Forth  and 
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Clyde,  with  others  in  various  parts  of  Ireland.  The 
Devonian  group  is  developed  in  Devonshire,  Herefordshire, 
Monmouthshire,  and  Shropshire;  and  in  Caithness,  Cro- 
marty,  and  other  parts  of  Scotland.  The  Silurian  group 
occurs  in  Gloucestershire,  Worcestershire,  Staffordshire, 
Herefordshire,  Shropshire,  Radnorshire,  Montgomeryshire, 
Caermarthenshire,  Brecknockshire,  Pembrokeshire,  and  Mon- 
mouthshire. The  Cambrian  and  Cumbrian  systems  consist 
of  masses  of  sub-crystalline  and  slaty  rocks  developed  in 
Cumberland  and  in  "Wales,  and  the  mica-schist,  gneiss 
and  granite  formations  occur  in  the  Highlands  and  Western 
Isles  of  Scotland,  and  in  Ireland ;  the  whole  series  forming, 
with  one  or  two  trifling  omissions,  a  complete  epitome 
of  the  physical  geology  of  the  earth,  in  the  comparatively 
limited  extent  of  a  few  hundred  miles. 

PLUTONIC  BOCKS. — GRANITE. — Granite  is  a  compound, 
crystalline  rock,  composed  of  crystals  of  mica,  quartz,  and 
feldspar,  aggregated  together,  and  separable  by  mechanical 
means.  The  mineral  which  generally  predominates  is  feld- 
spar ;  it  is  most  commonly  dark  red,  or  white ;  quartz  is  the 
prevailing  substance  next  to  feldspar,  and  has  a  propor- 
tionate share  in  determining  the  colour  of  the  mass  ;  it  is 
usually  white  or  grey.  Mica,  when  black,  imparts  that  hue 
to  the  rock,  but  when,  as  frequently  occurs,  it  is  brown  or 
white,  it  gives  those  tints  to  the  substance ;  while  the  admix- 
ture of  hornblende,  which  is  dark  green,  or  black,  produces  a 
rock  varying  between  these  shades.  It  is  evident,  therefore, 
that  a  substance,  consisting  of  various  minerals,  themselves  of 
different  hues,  and  mingled  in  different  proportions,  must  be 
correspondingly  diversified  in  tint,  and  thus  we  have  granites 
of  almost  all  hues,  red,  white,  black,  and  grey  :  the  most  pre- 
valent being  white,  which  is  the  tint  presented  by  that  of 
Cornwall ;  or  red,  which  is  the  colour  chiefly  exhibited  by  the 
Scottish  varieties.  A  striking  example  of  each  kind  is 
exhibited  in  immediate  juxta-position  in  Waterloo-bridge, 
where  the  coping-stone  is  of  the  red,  while  the  balustrades 
are  of  the  white  variety.  There  are  other  substances  which 
enter  into  the  composition  of  granite,  as  chlorite,  talc,  acti- 
nolite,  steatite,  clevelandite,  compact  feldspar ;  but  specimens 
of  this  nature  are  comparatively  rare. 

Granite  rises  to  the  highest  elevations  and  forms  the 
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loftiest  pinnacles  on  our  globe,  and  constitutes,  at  the  same 
time,  the  skeleton  or  framework  on  which  most  of  the  other 
deposits  repose.  It  likewise  occurs  in  the  state  of  beds  of 
irregular  shape,  among  strata  of  gneiss  and  other  ancient 
stratified  deposits.  It  is  also  met  with  in  veins,  intruding 
into  rocks  of  all  ages,  from  those  granitic  injections  which  are 
found  to  penetrate  masses  of  granite  older  than  themselves,  up 
to  similar  intrusions  into  the  secondary  and  tertiary  strata. 
It  has  been  discovered  in  the  Pyrenees,  penetrating  a  rock  of 
the  same  date  as  the  chalk;  syenite, which  maybe  considered 
a  variety  of  granite,  has  been  found  overlying  the  chalk  at 
Weinbohla,  in  Saxony,  as  well  as  in  the  county  of  Antrim, 
in  Ireland  ;  while  Mr.  Darwin  has  observed,  that  the  granite 
of  the  Cordilleras  of  South  America  has  been  fluid  as  re- 
cently as  the  tertiary  period,  and  has  altered  and  contorted 
strata  of  that  date.  Granite  veins  are  often  found  inter- 
sected by  veins  of  granite,  still  newer  than  themselves,  and 
the  rock  occasionally  occurs  as  dikes,  which  are,  in  fact, 
similar  ramifications  on  a  larger  scale,  the  essential  difference 
being  that  the  dikes  continue  for  a  longer  distance,  while 
the  veins  thin  out  into  filaments.  Indeed,  every  mass  of 
granite  which  forms  the  central  peak  of  a  mountain-chain,  is 
no  other  than  a  dike  on  an  enormous  scale,  which  has  burst 
through  the  superincumbent  strata,  and  borne  them  upwards 
in  its  elevation.  While  granite  is  supposed  to  have  generally 
been  erupted  in  a  fluid  condition,  instances  occur  in  which  it 
has  evidently  been  protruded  in  a  solid  state.  The  proofs  of 
this  circumstance  are  afforded  by  the  absence  of  any  dikes, 
veins,  or  filaments  ramifying  into  the  surrounding  rocks,  as 
well  as  by  the  presence  of  conglomerates  and  breccias  result- 
ing from  the  grinding  and  attrition  of  such  rocks  by  the 
elevation  of  the  granitic  mass.  The  localities  of  granite,  in 
England,  are  Cumberland,  Cornwall,  and  Devon ;  in  Scot- 
land, the  Highlands  and  the  Isle  of  Arran  ;  and  in  Ireland, 
the  Mourne  mountains. 

SYENITE. — This  is  granite  in  which  mica  is  replaced  by 
hornblende,  which  gives  a  darker  hue  to  the  mass.  Its  name 
is  derived  from  the  city  of  Syene,  in  Upper  Egypt,  where  it 
largely  abounds.  The  Malvern  Hills,  in  Worcestershire, 
belong  to  this  group. 

GREENSTONE. — This  term  is  applied  to  those  rocks  which 
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are  composed  of  feldspar  and  augite,  or  hornblende.  It  is 
closely  allied  to  syenite,  differing  frequently  only  in  the  pre- 
ponderance of  hornblende  over  feldspar,  and  the  grey  or 
greenish  hue  thus  induced.  They  frequently  pass  into  each 
other,  and  the  celebrated  head  of  Memnon,  (or  rather  of 
Barneses,)  in  the  British  Museum,*  affords  a  striking  in- 
stance of  this  transition,  the  body  being  of  greenstone,  and 
the  head  of  syenite,  though  the  whole  bust  is  composed  of 
one  continuous  mass. 

In  hypersthene  rock,  the  feldspar  is  compact  or  crystalised, 
and  sometimes  vitreous,  and  of  a  red  or  white  colour.  Ser- 
pentine is  composed  of  diallage  with  magnesia ;  diallage  rock, 
of  diallage  and  feldspar ;  both  are  frequently  associated  with 
greenstone,  and  pass  into  that  substance. 

TEAP  ROCKS. — These  have  already  been  mentioned  as 
deriving  their  name  from  a  Grothic  term  for  a  stair,  or  ter- 
race, because  they  occur  in  tabular  masses,  rising  one  above 
another,  like  terraces.  They  comprise  the  porphyries  and 
basalts  in  all  their  varieties  of  composition  and  aspect.  The 
term  porphyry  is  derived  from  a  Greek  word,  signifying 
purple,  from  a  variety  of  this  stone,  used  by  the  ancients 
for  ornamental  purposes,  which  was  of  a  red  colour.  It  is 
now  applied  to  any  rock  having  a  compact  base,  in  which 
distinct  crystals,  of  feldspar  or  other  minerals,  are  embedded, 
and  is  usually  indicated  by  the  name  of  its  base,  as  feldspar- 
porphyry,  which  is  by  far  the  most  prevalent,  claystone- 
porphyry,  pitchstone-porphyry,  &c. 

BASALT. — Basalt  is  a  term  now  restricted  to.  masses  of 
hornblende  or  augite,  which  contain  titaniferous  iron,  and  in 
which  crystals  of  feldspar  are  visible.  It  has  a  greenish  or 
brownish  black  colour,  is  difficult  to  break,  possesses  a  con- 
siderable degree  of  hardness,  but  yields  to  the  knife.  It 
occurs  both  in  horizontal  tabular  masses,  and  in  dikes  ;  and 
exhibits,  in  both  conditions,  the  varieties  of  columnar, 
globular,  vesicular,  and  amygdaloidal  structure.  In  over- 
lying masses,  the  columns  are  usually  vertical,  in  dikes  they 
are  frequently  horizontal.  The  celebrated  experiment  of 
Mr.  Gregory  Watt  proves  that  the  columnar  structure  of 
basalt  arises  from  the  pressure  of  numerous  spheroids  on 

*  See  the  Vignette  on  the  title-page. 
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each  other,  in  the  act  of  cooling.  This  gentleman  fused 
seven  hundred  weight  of  Dudley  basalt,  called  Rowley  rag- 
stone,  maintaining  the  fire  for  six  hours,  and  allowing  it  to 
cool  so  slowly,  that  eight  days  elapsed  before  it  was  removed 
from  the  furnace.  The  mass  was  wedge-shaped,  four  feet 
and  a  half  long,  two  feet  and  a  half  wide,  eighteen  inches 
thick  at  one  end,  and  four  at  the  other,  an  inequality  of 
form  admirably  adapted  for  exhibiting  the  different  rates  of 
cooling,  and  the  various  kinds  of  texture  thus  induced. 
"Where  the  mass  was  thinnest,  and  the  cooling  most  rapid, 
the  texture  was  vitreous  or  glassy ;  where  it  was  thickest, 
and  the  cooling  slowest,  it  was  stony,  while  the  intermediate 
parts  exhibited  a  transition  state.  Numerous  spheroids 
had  been  formed;  where  two  came  in  contact,  they  were 
compressed,  and  when  several  met  they  formed  prisms. 
"We  may  form  some  idea  of  the  arrangement,  if  we  conceive 
a  number  of  cannon-balls  to  be  piled  on  each  other,  and 
reduced  to  a  fluid  condition ;  the  pressure  of  these  globular 
bodies  on  each  other  would  produce  a  columnar  arrange- 
ment, similar  to  that  observable  in  basalt. 

Basalt  is  frequently  vesicular,  and  contains  small  cavities, 
caused  by  the  escape  of  gases  while  the  rock  was  in  a  fused 
condition.  These  have  been  subsequently  filled  with  infil- 
trations of  carbonate  of  lime,  agates,  zeolite,  and  other 
minerals.  As  these  nodules  have  in  general  an  elongated 
shape,  similar  to  an  almond,  such  basalts  are  termed  amyg- 
daloidal.  Basalt,  like  porphyry,  has  been  ejected,  in  many 
instances,  from  fissures  in  the  bed  of  the  ocean,  and  flowed 
over  the  strata  there  deposited.  The  chief  British  localities 
for  these  rocks  are  Durham  and  Dudley,  the  Highlands 
of  Scotland,  and  Edinburgh. 

VOLCANIC  ROCKS. — Volcanic  productions  are  of  so  com- 
pound a  nature,  and  exhibit  varieties  of  combination  so 
numerous  and  minute,  as  to  require  a  separate  treatise  for 
their  description.  The  reader  is,  therefore,  referred  to  the 
works  of  Humboldt,*  Dr.  Daubeny,  or  Mr.  Poulett  Scrope;f 
they  are  usually  divided  in  trachytic  and  basaltic  lavas. 
The  former  are  of  a  light  earthy  colour,  and  feldspar  is 
usually  an  essential  element  in  their  composition.  The 

*  Humboldt's  Cosmos  :    Bohn's  edition,  vol.  i.  p.  225.          f  On  Vblcanoes. 
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basaltic  varieties  contain  a  considerable  proportion  of  iron, 
the  feldspar  being  'replaced  by  other  minerals,  as  leucite, 
they  have  a  dark  ferruginous  aspect.  Mr.  Scrope  adds  a 
third  class,  which  from  being  neither  decidedly  trachytic,  nor 
basaltic,  from  frequently  containing  both  iron  and  feldspar, 
and  from  being  of  a  tint  between  the  two,  he  denominates 
grey-stones.  The  other  volcanic  productions  are  obsidian,  or 
volcanic  glass,  produced  by  a  rapid  cooling ;  pumice,  which 
is  volcanic  froth,  produced  by  the  access  of  vapour  to  the 
mass  when  in  a  fluid  condition;  and  aqueous  lava  or 
volcanic  mud,  caused  by  the  admixture  of  torrents  of  rain, 
or  of  melted  snows,  which  accompany  these  eruptions,  and 
which,  as  they  consolidate,  form  rocks  of  earthy  aspect, 
called  tuff"  or  tufa.  These  substances  frequently  pass  into 
each  other,  both  pumice  and  tufa  constantly  exhibiting  transi- 
tions into  obsidian.  As  a  general  idea  of  the  products  of 
active  volcanoes,  it  may  be  conceived  that  all  lava  is  essen- 
tially composed  of  the  same  elementary  fluid  substances,  and 
that  its  subsequent  character  and  appearance  are  occasioned 
by  the  different  agencies  to  which  it  is  subjected.  If  cooled 
rapidly  it  becomes  a  glass ;  if  slowly,  a  rock,  more  or  less 
crystalline,  in  proportion  as  its  rate  of  refrigeration  is  more 
or  less  quickened  ;  while  the  presence  of  gas  and  its  extrica- 
tion in  cooling,  leaves  it  a  light  and  cellular  mass.* 

CAUSE  OF  VOLCANOES. — The  primary  cause  of  these  phe- 
nomena is  among  those  problems,  the  solution  of  which 
is  reserved  for  a  more  advanced  state  of  knowledge.  The 
great  quantity  of  gaseous  vapour  evolved  during „  eruptions  as 
well  as  the  general  proximity  of  volcanoes  to  the  sea,  have 
led  to  the  supposition  that  water  is  the  active  agent  in  pro- 
ducing these  phenomena,  and  the  two  hypotheses  proposed  to 
account  for  their  origin,  have  reference  to  aqueous  action,  as 
having  a  considerable  share  in  their  production.  The  first 
ascribes  volcanic  eruptions  and  earthquakes  to  the  effects 
produced  on  a  heated  nucleus,  mechanically  disturbed  by  the 
access  of  water ;  the  other  explains  the  phenomena  by  sup- 
posing the  decomposition  of  water  to  be  effected  by  means 
of  alkaline  metals,  existing  in  the  interior  in  an  uncombined 

*  See  an  interesting  chapter  on  this  subject  in  Humboldt's  Views  of  Nature 
Bonn's  edition,  p.  353. 
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state.  The  latter  hypothesis,  proposed  by  Sir  Humphry 
Davy,  soon  after  his  discovery  of  the  metallic  bases  of  the 
earths,  was  subsequently  abandoned  by  him,  but  has  since 
been  revived  by  Dr.  Daubeny. 

SIMILARITY  OF  THE  ANCIENT  AND  MODEEN  IGNEOUS 
HOCKS. — In  taking  a  general  review  of  the  plutonic  and  the 
volcanic  rocks,  it  is  impossible  not  to  perceive  such  points  of 
similarity  as  serve  to  demonstrate  their  common  origin,  and 
prove  them  all  to  be  vast  portions  of  melted  matter  which 
have  been  poured  out  at  various  times,  and  under  different 
circumstances,  from  the  interior  of  the  earth.  "We  have 
alluded  to  the  similarity  existing  between  the  products  of 
modern  volcanoes  and  the  ancient  plutonic  rocks,  as  affording 
numerous  and  valid  proofs  of  the  igneous  nature  of  both, 
the  student  may  select  the  following,  as  the  most  convincing 
of  these. 

1.  They  both  bear,  in  many  instances,  a  close  resemblance 
in  mineral  composition;  many  of  the  ancient  basalts,  as  already 
stated,  being  scarcely  distinguishable  from  the  productions 
of  existing  volcanoes. 

2.  They  alike  contain  mineral  substances  and  crystals  in 
such  abundance,  as  to  constitute  the  chief  source  whence 
these  objects  are  derived. 

3.  They  graduate  into  rocks  of  like  nature  and  origin  with 
themselves ;  thus  granite  passes  through  syenite  and  green- 
stone into  basalt,  and  this  last  to  pitchstone,  in  a  manner 
analogous  to  the  transition  of  modern  trachyte  and  basalt 
into  obsidian. 

4.  They  intrude  into  other  rocks,  and  calcine  and  alter 
them  at  the  point  of  contact,  converting  coal  into  coke  and 
anthracite ;  shale,  into  mica-schist,  or  flinty  slate  ;  and  beds 
of  sandstone  into  quartz-rock,  in  so  striking  a  manner  that 
it  is  possible  to  trace  the  effects  from  the  very  point  of  meet- 
ing, and  to  note  the  passage  from  the  altered  to  the  unaltered 
rock.      The  same   result,  under  varied  conditions,  is  also 
recognised  in  modern  volcanic  productions. 

To  enumerate  the  whole  of  the  facts  which  might  be 
adduced  to  prove  the  identity  of  the  plutonic  and  volcanic 
rocks,  would  rather  burden  than  assist  the  memory;  and 
the  few  proofs  above-mentioned,  with  others  which  will 
suggest  themselves,  will  amply  suffice. 
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CHARACTERS  OF  THE  IGNEOUS  PRODUCTS. — 
In  drawing  our  description  of  igneous  rocks  to  a  close,  we 
would  suggest  that  the  student  should  commit  to  memory  the 
following  resume :- — 

1.  The  granites  and  their  associate  rocks,  have  "been  formed 
under  conditions  of  subterranean  character,  and  have  melted, 
and  solidified  under  the  pressure  of  the  earth's  crust. 

2.  The  trap-rocks,  the  porphyries,  clinkstones,  and  ba- 
salts, are  to  be  regarded  as  submarine,  and  as  having  been 
melted,  and  become  solid  beneath  the  depth  and  pressure 
of  the  sea. 

3.  The  volcanic  rocks  are  sub-aerial,  and  have  melted, 
and  solidified  near  the  surface,  with  access  of  the  atmosphere. 

Finally,  these  productions  are  so  similar,  that  it  is  by 
no  means  unreasonable  to  suppose  that  plutonic,  trappean, 
and  volcanic  rocks,  may  all  be  simultaneously  forming  at 
the  present  moment,  and  that  the  same  volcano  which  ejects 
lava  and  scoriae  from  its  summit,  may,  in  its  internal  abysses, 
at  enormous  depths  and  under  vast  pressure,  be  elaborating 
granite;  while,  from  a  neighbouring  vent,  beneath  the 
adjacent  seas,  it  is  spreading  its  waves  and  terraces  of  trap 
over  the  floor  of  the  ocean. 

METAMORPHIC  ROCKS. — Prom  the  examination  of  the 
plutonic  and  the  volcanic  rocks,  we  pass  to  the  consideration 
of  these  deposits,  which,  according  to  the  views  now  gene- 
rally entertained,  were  originally  deposited  as  sediments 
from  water,  but  have  been  subsequently  altered  by  subter- 
ranean heat. 

GNEISS. — Gneiss  may  be  termed  stratified,  or  slaty  granite. 
Composed  of  the  same  elements,  mica,  (or  hornblende,)  quartz, 
and  feldspar,  it  differs  from  that  rock,  which  presents  no 
appearance  of  stratification,  in  this  distinctive  character, 
that  some  of  its  component  minerals,  usually  the  mica  and 
hornblende,  are  arranged  in  layers,  which  give  a  slaty 
aspect  to  the  mass.  The  stratification  is  irregular  and  con- 
torted, and  the  dimensions  of  the  strata  are  variable.  When 
the  gneiss  is  associated  with  granite,  it  approaches  to  the 
character  of  that  substance ;  and  when  the  two  come  in  con- 
tact, it  is  scarcely  possible  to  distinguish  between  them.  It 
is  connected  with  the  other  primary  strata,  in  the  following 
modes : — By  the  disappearance  of  feldspar,  it  passes  into 
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mica-schist ;  by  the  prevalence  of  quartz,  into  quartz-rock  ; 
and  of  hornblende,  into  hornblende-schist.  As  regards 
geological  position,  it  reposes  on  granite,  and  is  succeeded 
by  the  other  primary  strata,  frequently  alternating  in  large 
masses  with  one  or  other  of  these.  It  occurs  in  the 
"Western  Islands,  and  North-west  Highlands  of  Scotland. 

MICA-SCHIST. — Mica-schist  may  be  regarded  as  gneiss 
deprived  of  its  feldspar,  being  a  crystalline  compound  of  mica 
and  quartz  united  in  different  proportions.  It  has  a  laminar 
structure,  which  is  more  or  less  perfect,  according  to 
the  proportion  and  mode  in  which  the  mica  enters  into 
its  composition.  Its  colour  is  determined  by  the  quantity 
of  the  same  mineral  which  it  contains,  and  as  that  sub- 
stance varies  in  tint  from  white,  to  dark  brown,  or  black, 
the  quartz  being  usually  white  or,  colourless,  the  prevailing 
hue  of  the  rock  is,  therefore,  grey.  Like  the  rest  of  the 
primary  deposits,  it  graduates  into  other  members  of  the 
same  series,  descending  by  the  admixture  of  feldspar  into 
gneiss,  and  ascending  by  the  preponderance  of  quartz,  into 
quartz-rock.  In  geological  position  it  follows  the  gneiss, 
and  is  succeeded  by  various  schistose  or  slaty  rocks  of 
crystalline  texture,  frequently  passing  into  some  of  these. 
Its  chief  localities  are  the  north-west  of  Ireland,  and  the 
Scottish  Highlands,  especially  the  picturesque  district 
termed  the  Trossachs. 

The  subordinate  rocks  occurring  among  the  primary  strata, 
may  be  studied,  in  some  work  exclusively  devoted  to  the 
subject;  as  Dr. M'Culloch's  "Western  Isles  of  Scotland,  and 
his  Classification  of  Bocks.  They  are  chiefly  of  schistose 
or  slaty  texture,  and  are  formed  by  the  substitution  of  one 
mineral  for  another,  which  constitutes  the  characteristic 
ingredient  of  the  rock. 

Thus,  chlorite-schist  is  composed  of  the  mineral  substance 
termed  chlorite  and  quartz,  differing  from  mica-schist,  by  its 
dingy,  green  aspect,  and  soapy  feel.  It  graduates  by  the 
addition  of  feldspar  into  a  variety  of  gneiss,  by  that  of  mica 
into  mica-schist,  and  occasionally  assimilates  with  argillaceous 
slate. 

Talcose-  slate  is  composed  of  talc  and  quartz.  It  differs 
from  mica-schist,  and  chlorite-schist,  chiefly  in  the  presence 
of  talc,  and  in  its  colours,  which  are  leaden,  dingy  white,  or 
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green.  It  occurs  with  the  rocks  described  above,  and 
passes,  by  various  gradations,  into  all. 

Hornblende-schist  is  considered  to  include  all  hornblende 
rocks,  together  with  greenstone  and  greenstone- slate,  whether 
these  rocks  possess  a  schistose  structure  or  not. 

Quartz-rock  is  a  substance  which  offers  so  many  variations 
of  mineral  character  and  aspect,  that  no  single  description 
can  well  define  it,  and  the  reader  is  referred' to  Dr.  M'Cul- 
loch's  Classification  for  complete  details. 

Crystalline,  or  primary  limestone,  also  presents  consider- 
able diversity  of  texture,  ranging  from  the  pure  or  saccharine 
variety,  so  termed  from  its  resemblance  to  loaf-sugar,  to  a 
coarse,  impure,  and  cherty  limestone.* 

The  student  should  procure  a  collection  of  well-defined 
specimens  of  these  various  primary  and  volcanic  rocks.  They 
may  be  obtained  of  the  parties  already  mentioned. 

EOSSILIFEROUS  ROCKS. — These  are  divided  into  well- 
defined  groups,  as  shown  incur  table  of  Classification.  They 
should  be  studied  under  the  different  heads  of  mineral  com- 
position, order  of  succession,  and  embedded  fossils;  for 
though  none  of  these  characteristics  is,  in  all  cases,  to  be 
relied  on  by  itself,  yet  when  viewed  in  combination,  they 
will  afford  complete  evidence  of  the  relative  date  and 
character  of  the  different  stages  into  which  they  are  sub- 
divided. Of  the  proofs  thus  furnished,  that  derived  from 
organic  remains  is  the  most  decisive;  rocks,  which  are 
extremely  dissimilar  to  each  other  in  mineralogical  and 
lithological  characters,  having  been  identified  by  this  evidence 
alone.  Professor  Agassiz  has  discovered  fossils  of  the  chalk 
in  deposits  of  totally  different  mineral  texture  and  aspect ; 
while  Sir  R.  Murchison  has  identified  the  mountain  lime- 
stone in  Russia,  by  the  characteristic  shells  of  that  formation 
in  rocks  of  the  colour  and  appearance  of  white  chalk. 

CHARACTERISTIC  FOSSILS. — These  may  be  defined  to  be 
such  organic  remains  as,  being  discovered  in  any  given  depo- 
sit, are  also  found  in  other  localities  where  deposits  of  the 
same  age  occur. 

MINERAL  VEINS. — These  exist  throughout  the  primary, 
lower  secondary,  and  in  some  cases  in  the  tertiary  deposits  ; 

*  For  important  information  on  the  Metamorphic  rocks  the  reader  is 
referred  to  Sir  Charles  Lyell's  Elements  of  Geology. 
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but  they  are  far  more  frequent  in  the  first  two  classes. 
They  exhibit  various  peculiarities,  many  of  which  the  present 
state  of  our  knowledge  does  not  enable  us  to  explain.  Near 
the  surface  they  are  usually  poor  in  the  metal  but  become 
richer  at  certain  depths,  and  poor  again  in  lower  situations. 
They  also  change  their  metal  at  different  distances  from  the 
surface ;  the  same  vein,  in  Cornwall,  having  been  known 
to  contain  zinc  above,  and  copper  below ;  while  there  are 
mines  in  the  south  of  France  which  contain  iron  above,  next 
silver,  and,  lastly,  copper.  They  are  divided  into  two 
kinds ;  1st,  those  which  are  contemporaneous  with  the  rock 
itself,  and  are  supposed  to  have  been  formed  by  the  sepa- 
ration of  the  metallic  particles  from  the  surrounding  mass 
into  one  point,  and  are  therefore  termed  Yeins  of  Segrega- 
tion; 2nd,  the  metalliferous  lodes,  are  considered  to  have 
been  fissures,  caused  during  the  elevation  of  the  rocks, 
which  have  been  subsequently  filled  by  metallic  substances. 
The  phenomena  of  mineral  veins  constitute  problems  of 
considerable  difficulty,  the  full  solution  of  which  must  be 
left  to  a  more  advanced  state  of  science.  For  the  present  it 
may  satisfy  the  student  to  be  acquainted  with  those  well- 
ascertained  facts  which  have  been  established;  and  the 
farther  consideration  of  the  question  may  be  reserved  for 
future  inquiries.  The  first  is  their  evident  connexion  with 
igneous  rocks  and  axes  of  disturbance,  the  richest  mineral 
districts  are  those  situated  in  the  proximity  of  such  regions. 
"While  Becquerel  and  Mitscherlich,  have  succeeded  in  pro- 
ducing crystals  by  electricity,  Mr.  Crosse,  of  Somersetshire, 
has  obtained  calcareous  spar  from  water  which  had  perco- 
lated through  a  limestone  rock.  The  mode  by  which  these 
remarkable  results  were  effected  is  highly  interesting ; 
the  electric  apparatus  being  extremely  small,  and  kept  in 
operation  for  a  long  period ;  the  mode  in  which  it  is  sup- 
posed the  like  results  are  effected  in  nature.  It  is,  there- 
fore, assumed  that  the  difference  in  substances  found  in 
veins,  and  their  comparative  richness  and  poorness,  have 
been  the  consequence  of  different  electric  states  in  the 
rocks  in  which  they  are  deposited.  Much  light  has  thus 
been  thrown  on  the  nature  of  these  phenomena ;  and 
more  information  is  anticipated  from  observations  of  like 
character. 
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THE  G-ASES. — "We  have  alluded  to  the  part  which  gases 
take  in  the  formation  of  the  crust  of  the  earth,  and  to  the 
preponderance  of  oxygen  in  rocks.  Hydrogen  contributes 
in  like  manner ;  it  is  emitted  from  volcanoes,  and  exists  in 
coal.  Nitrogen  forms  four-fifths  of  the  atmosphere,  and 
enters  into  the  composition  of  animal  structure.  Carbon 
forms  the  principal  part  of  coal ;  it  exists  in  the  state  of  car- 
bonic acid,  in  the  atmosphere  ;  and  forms  an  important  part 
in  all  carbonates.  It  is  an  essential  element  in  vegetable 
structure,  and  is  produced  wherever  vegetable  or  animal 
matters  are  undergoing  decomposition.  Chlorine  occurs 
chiefly  in  the  sea,  in  rock-salt,  and  brine  springs.  Fluorine 
exists  in  some  rocks,  in  minute  proportion.  Phosphorus  is 
extensively  diffused,  but  its  proportions  are  extremely  minute. 
It  is  abundant  in  osseous  and  other  organic  remains.  Sulphur 
is  found  chiefly  in  the  sulphurets  and  sulphates. 

Almost  the  whole  of  the  simple  substances  have  entered 
into  their  present  combinations  as  binary  compounds.  The 
following  constitute  nearly  all  the  binary  compounds  of  the 
accessible  parts  of  the  globe : — 1,  silica ;  2,  alumina ;  3,  lime; 
4,  magnesia ;  5,  potassa ;  6,  soda ;  7,  oxide  of  iron ;  8,  oxide 
of  manganese  ;  9,  water ;  10,  carbonic  acid. 

It  is  calculated  that  oxygen  constitutes  fifty  per  cent,  of 
the  ponderable  matter  of  the  globe,  and  that  the  crust  of 
the  earth  contains  forty-five  per  cent,  of  silica,  and  ten  or 
twelve  of  alumina.  Potassa  contributes  only  seven  per  cent, 
of  the  unstratified  rocks,  but  forms  a  considerable  ingredient 
in  many  of  the  stratified  forms :  soda  nearly  six  per  cent,  of 
some  basalts,  and  other  less  extensive  unstratified  deposits, 
and  enters  largely  into  the  composition  of  the  ocean.  Lime 
and  magnesia  are  disseminated  almost  universally,  in  the 
form  of  silicates  and  carbonates.  Iron  as  an  oxide,  sul- 
phuret,  or  carburet,  constitutes  at  least  three  per  cent,  of 
all  known  rocks ;  and  manganese  forms  about  one  per  cent. 
It  has  often  been  cited  as  a  fact,  which  the  present  state 
of  our  chemical  knowledge  does  not  enable  us  to  explain, 
that  silica  predominates  in  the  unstratified,  and  carbonate 
of  lime  in  the  stratified  deposits. 

The  mass  of  rocks  is  composed  of  not  more  than  some 
eight  or  nine  simple  minerals.  These  are  1,  quartz  ;  2,  feld- 
spar ;  3,  mica ;  47  hornblende  5,  carbonate  of  lime ;  6,  talc, 
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comprising  chlorite  and  steatite ;  7,  augite ;  8,  serpentine ; 
9,  iron.  Other  minerals,  which  either  form  rocks  of  small 
extent,  or  enter  so  largely  into  their  composition  as  to 
modify  their  character,  are  the  following : — Sulphate  of  lime, 
diallage,  chloride  of  sodium,  coal,  bitumen,  garnet,  schorl, 
staurotide,  epidote,  olivine,  and  pyrites.  A  few  of  these 
minerals  exist  in  masses  so  large  as  to  be  denominated 
rocks ;  as  quartz,  carbonate  of  lime,  sulphate  of  lime,  salt, 
coal,  and  pyrites ;  but  in  general  some  two,  three,  or  four  are 
united  to  constitute  a  rock,  as  mica,  quartz,  and  feldspar, 
to  produce  granite. 

The  following  general  remarks  descriptive  of  some  of  the 
peculiarities  of  rocks,  both  singly  and  in  groups,  may  be 
advantageously  borne  in  recollection : — 

EXTENT  or  THE  OLDEE  FORMATIONS. — The  oldest  deposits 
are  the  most  extensive,  both  as  regards  area  and  thickness. 
In  the  older  and  more  crystalline  rocks  we  find  convincing 
evidence  of  the  action  of  fire:  as  we  proceed  upwards, 
the  traces  of  this  agency  become  more  indistinct,  until,  in 
the  newer  deposits,  with  the  exception  of  local  sites  of 
extinct  volcanic  action,  we  lose  all  vestiges  of  its  influence. 

DEBITED  CHAEACTEE  or  THE  SEDIMENTARY  FORMATIONS. 
— The  sedimentary  deposits  are  produced  by  the  degradation 
of  rocks  older  than  themselves :  the  sandstones  of  the  coal 
are  extremely  micaceous,  owing  to  the  mica  contained  in 
the  primary  strata  from  which  they  were  formed  ;  the  new  red 
sandstone  was  produced  from  the  detritus  of  rocks  of  like 
metamorphic  character,  and  owes  its  colour  to  the  iron,  mica, 
or  hornblende  which  the  older  deposits  contained.  The  dis- 
integration of  rocks  of  the  primary  class  is  supposed  to 
have  yielded  many  of  the  argillaceous  deposits  and  beds 
of  clay  appertaining  to  later  formations,  whist  the  chalkj  in 
like  manner,  has  furnished  materials  for  the  formation  of  the 
tertiary  strata. 

SIMILAEITT  OP  CONTIGUOUS  DEPOSITS. — It  has  been 
remarked,  that  a  character  of  transition  prevails  among 
many  contiguous  rocks,  that  the  lower  members  of  one 
formation  resemble  the  upper  deposits  of  the  series  below. 
Thus  the  inferior  beds  of  the  lower  greensand  frequently 
oifer  a  striking  resemblance  to  the  superior  strata  of  the 
wealden ;  while  the  lower  members  of  the  oolite,  and  the 
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upper  deposits  of  the  lias,  are,  in  many  cases,  scarcely  to  be 
distinguished  from  each  other.  The  same  observation  applies 
to  the  lower  beds  of  the  lias  and  the  upper  beds  of  the  new 
red  marls. 

It  is  also  worthy  of  remark,  that  the  lower  members  of  any 
given  geological  formation,  whilst  they  resemble  in  litholo- 
gical  character  the  strata  above  them,  present  palaeontological 
characters  with  the  fauna  of  the  rocks  on  which  they  repose. 
Thus,  among  the  fossils  of  the  magnesian  limestone  the  fish 
bear,  in  the  heterocercal  character  of  the  tail,  a  nearer 
resemblance  to  the  fossil  remains  of  the  carboniferous  group 
beneath,  than  to  those  of  the  new  red  sandstone  above; 
while  those  of  the  upper  beds  of  the  lower  division  of  the 
Silurian  system  present  a  closer  relation  to  the  types  of 
existence  found  in  the  rocks  beneath,  than  in  those  which 
occur  above  them. 

ABSENCE  OF  STRATA. — The  succession  of  the  beds,  though 
never  inverted,  is  occasionally  imperfect,  and  certain  mem- 
bers of  the  series  are  not  unfrequently  deficient.  This  may 
have  been  produced  by  one  of  two  causes  ;  either  by  the  strata 
having  been  removed,  subsequently  to  their  deposition,  or 
by  their  never  having  been  deposited  in  these  spots.  The 
former  agency  admits  of  demonstration;  the  latter  may 
require  explanation.  The  disturbances  which  the  crust  of 
the  earth  has  undergone  have  been  so  varied,  and  extensive, 
that  it  is  supposed  that  no  portion  now  occupies  its  pristine 
position ;  and  in  many  districts  it  is  concluded  that  strata 
nave  undergone  oscillation,  similar  to  that  of  a  board  balanced 
on  a  fulcrum.  In  the  instance,  therefore,  of  a  missing  deposit, 
we  have  only  to  suppose  a  movement  of  this  kind,  and  to 
imagine  that  a  portion  of  a  given  district  has  undergone 
submergence,  while  an  adjacent  part  has  been  elevated  ;  we 
shall  immediately  perceive  that  the  former  has  never  received 
those  marine  deposits  which  have  been  accumulated  on  the 
latter.  By  this  supposition  we  are  enabled  to  account  for 
the  greatest  conceivable  diiference  in  the  mineralogical  and 
zoological  characters  of  strata  which  lie  contiguous  to  each 
other. 

DRIFT  is  usually  classified  into  two  kinds  :  that  which  has 
originated  from  local  sources,  and  contains  pebbles,  boulders, 
&c.,  derived  from  the  formation  in  which  it  occurs  ;  and  that 
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which  has  been  transported  from  ancient  deposits,  and  is 
formed  chiefly  of  fragments  of  older  rocks.  The  most 
important  accumulations  of  drift  in  this  country  are  divided 
into  three  groups:  the  first,  the  Silurian,  which  overlies 
the  district  of  that  name,  and  is  of  local  origin,  consisting 
of  fragments  of  the  rocks  of  that  formation ;  the  second 
extends  southward  from  Lancashire,  over  Cheshire,  Stafford- 
shire, "Worcestershire,  Gloucestershire,  and  other  midland 
counties,  and  is  composed  of  fragments  of  crystalline  and 
trappean  rocks,  which  constitute  the  mountains  of  Westmore- 
land, Cumberland,  and  part  of  Scotland;  while  the  third 
comprises  the  various  deposits  which  strew  our  north-eastern 
coasts  and  the  adjacent  districts  with  fragments  of  rocks 
analogous  to  those  now  existing  in  Scandinavia,  and  fur- 
nished either  from  that  region,  or  from  land  which  once 
occupied  the  present  bed  of  the  German  ocean. 

ARENACEOUS  DEPOSITS. — Sandstone  is  an  aggregation  of 
minute  particles  of  quartz ;  it  is  usually  cemented  by  a  sub- 
stance of  like  nature  with  itself,  or  the  cement  may  be  of  the 
nature  of  lime,  clay,  or  iron.  When  sandstone  is  of  extremely 
coarse  grain,  it  is  termed  grit. 

ARGILLACEOUS  DEPOSITS. — The  substances  comprehended 
in  the  term  clay  scarcely  admit  of  a  general  description  ;  but 
most  of  them  agree  in  possessing  an  earthy  texture,  and 
emitting  an  argillaceous  odour  when  breathed  on.  They 
consist  of  silica,  with  a  variable  proportion  of  alumina, 
and  a  small  quantity  of  lime  or  magnesia.  The  term  is 
also  extended  to  all  kinds  of  indurated  mud,  derived  from 
the  decomposition  and  abrasion  of  various  rocks. 

POSITION  or  ARGILLACEOUS  DEPOSITS. — It  has  frequently 
been  mentioned  that  the  lower  beds  of  many  formations  are 
argillaceous.  This  is  peculiarly  the  case  in  the  oolitic  series ; 
and  is  probably  owing  to  the  fact,  that  the  alluvial  cliffs,  or 
shores,  then  in  existence,  being  the  first  which  yielded  to  the 
action  of  the  waves,  provided  materials  for  the  earliest  strata 
of  the  new  era ;  while  rocks  of  firmer  texture  yielded  more 
slowly  to  the  abrading  force,  and  furnished,  at  a  later  period, 
the  material  for  those  arenaceous  and  calcareous  deposits 
which  occupy  higher  positions. 

CALCAREOUS  ROCKS. — This  term  comprehends  all  the  series 
of  rocks  of  which  lime  forms  a  prevailing  element,  including 
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all  the  limestones.  It  is  easy  to  ascertain  whether  a  rock 
be  calcareous  or  not,  by  applying  dilute  nitric  or  sulphuric 
acid :  if  it  effervesces,  it  is  calcareous ;  but  if  not,  it  is 
siliceous.  A  mixture  of  sand  and  clay  is  usually  termed 
loam,  and  the  combination  of  calcareous  matter  and  clay 
is  called  marl ;  but  both  these  expressions  are  employed  in 
a  vague  sense,  and  applied  to  substances  of  very  dissimilar 
kinds. 

STRUCTURE  or  SLATY  EOCKS. — There  are  three  distinct 
forms  of  structure  frequently  present  in  rocks  of  this  nature : 
stratification,  joints,  and  slaty  cleavage ;  the  last  two  having 
no  connexion  with  true  stratification.  Joints  are  natural 
fissures  of  various  sizes,  from  mere  cracks  to  open  chinks, 
which  often  traverse  rocks  in  straight  and  well-defined  lines ; 
while  slaty  cleavage  consists  of  lines  or  partings,  which  form 
the  point  at  which  the  stone  may  be  readily  divided.  Joints, 
are  distinguishable  from  slaty  cleavage,  by  the  fact,  that 
the  rock  intervening  between  two  joints  has  no  tendency 
to  cleave  in  a  direction  parallel  to  the  planes  of  the  joints  ; 
whereas,  a  rock  is  capable  of  indefinite  subdivision  in  the 
direction  of  its  slaty  cleavage.  As  the  origin  of  joints  and 
slaty  cleavage  constitute  problems  of  considerable  difficulty, 
on  which  geologists  are  by  no  means  agreed,  it  may  be 
sufficient  to  state,  that  as  these  characters  are  only  observable 
in  rocks  of  crystalline  texture,  and  are  most  strongly  defined 
in  such  as  are  ascertained  to  have  been  acted  on  by  heat, 
we  are  justified  in  inferring,  that  heat  has  been  the  chief 
cause  of  these  results,  under  whatever  conditions  it  may 
have  operated ;  and,  as  a  general  view,  it  may  be  considered 
that  slate  rocks  having  been  originally  deposited  in  hori- 
zontal planes,  the  heat  has  been  such  as  to  obliterate 
these  planes,  and  substitute  minute  vertical  divisions  in 
their  stead. 

BRECCIA. — This  name  is  commonly  applied  to  those  sub- 
stances which  consist  of  sharp,  angular,  unworn  pebbles 
cemented  into  a  mass. 

CONGLOMERATE. — This  term  is  usually  bestowed  on  con- 
cretions of  a  similar  kind,  but  in  which  the  imbedded  frag- 
ments are  rounded  and  waterworn. 

GROUP. — This  name  is  generally  applied  to  a  series  of 
rocks  of  the  same  mineral  composition  and  geological 
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character,  while  the  union  of  several  groups  is  called  a 
period. 

DELTA. — This  name,  which  was  originally  bestowed  on  the 
deposits  formed  by  the  Nile  at  its  mouth,  which  present  the 
triangular  form  of  this  letter  of  the  Greek  alphabet,  is  now 
applied  to  all  accumulations  deposited  at  the  mouths  of 
rivers,  whether  of  this  precise  shape  or  not. 

DEGRADING  AND  ELEVATING  CAUSES. — There  are  two 
opposite  forces  continually  in  operation  on  the  crust  of  the 
globe — the  one  destructive,  and  the  other  conservative ;  the 
one  consisting  in  the  liability  of  rocks  to  be  disintegrated 
and  carried  away ;  and  the  other,  in  the  capability  of  the 
materials  which  they  have  furnished  to  be  again  elaborated 
into  new  strata. 

DEGEADING  CAUSES.  —  These  are  chiefly  atmospheric, 
fluviatile,  or  oceanic.  The  agency  of  the  atmosphere  is 
twofold — chemical  and  mechanical :  the  chemical  action  con- 
sists in  the  absorption  of  oxygen  and  carbonic  acid  from  the 
atmosphere,  and  the  dissolution  of  the  rocks  by  such  absorp- 
tion. By  these  means  they  are  speedily  weathered,  and,  to 
a  certain  extent,  worn  away.  The  mechanical  effects  consist 
in  the  fissuring  and  cleaving  of  rocks  by  frost,  and  in  its 
abrading  and  carrying  off  the  solid  earth  by  the  action  of 
rills,  brooks,  and  streams,  which,  when  swollen  to  floods,  or 
collected  as  rivers,  exercise  a  powerful  and  destructive  force. 

ELEVATING  CAUSES. — As  the  degrading  powers  are  oc- 
casioned by  water,  so  the  elevating  causes  are  chiefly  owing 
to  fire.  They  may  be  regarded  as  the  rapid  action  of  volca- 
noes and  earthquakes,  and  the  slower  agency  of  gradual 
dynamic  forces.  The  operation  of  volcanoes  is  too  familiar 
to  require  any  lengthened  explanation.  Geologically  speak- 
ing, the  action  of  a  volcano  is  to  raise  earthy  substances 
from  a  low  to  a  higher  level.  It  often  effects  the  most 
sudden  and  important  changes,  and  produces  a  hill  on  land, 
or  an  island  in  the  sea,  in  a  single  night.  It  frequently 
upheaves  the  solid  strata  over  a  vast  area;  the  coast  of 
Chili,  along  a  line  of  a  hundred  miles,  and  extending 
from  the  shore  to  the  Andes,  was  raised  many  feet  by  the 
earthquakes  of  1822.  Similar  elevations  are  traced  as  having 
occurred  in  various  localities,  during  the  early  ages  of  the 
earth. 
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The  existence  of  a  dynamic  power,  which  slowly  elevates 
the  land  above  the  water,  has  been  proved  by  the  gradual 
rising  of  the  shores  of  the  Grulf  of  Bothnia,  the  northern 
coast  of  Sweden,  of  Denmark,  and  other  parts  of  Scandinavia, 
as  ascertained  by  Sir  C.  Lyell ;  and  that  of  the  south  of  Italy, 
by  Professor  Mccolini,  of  Naples. 

Again,  sands  are  deposited  on  sea-shores,  and  are  borne 
inland,  where  they  form  extensive  accumulations,  and  over- 
whelm considerable  tracts  of  land.  If  these  sands  are  satu- 
rated with  water  containing  lime,  they  become  converted 
into  sandstone. 

Among  other  instances  in  the  British  Isles,  the  ancient 
town  of  Bannow,  in  Ireland,  called  the  Irish  Herculaneum, 
has  thus  been  buried  in  sand.  The  JLrmoricain,  of  Brest, 
states,  "  that  recent  gales  of  wind  have  displaced  a  moun- 
tain of  sand,  on  the  coast  of  Crozon,  near  Brest,  and  exposed 
to  view  the  remains  of  a  village,  and  a  church  surrounded 
by  a  churchyard.  The  oldest  inhabitant  of  the  country," 
adds  the  journalist,  "  does  not  recollect  having  ever  heard 
of  the  existence  of  this  maritime  Pompeii." 

In  addition  to  these  mechanical  causes,  there  are  vital 
agencies,  which  are  mainly  instrumental  in  the  production 
of  new  deposits.  The  coral  polype  is  incessantly  at  work 
beneath  the  waves,  constructing  reefs,  and  building  them  up 
to  the  surface,  where  they  constitute  new  islands,  the 
junction  of  which  forms  fresh  continents  for  the  habitation 
of  future  races  of  plants  and  animals. 

IDEA  or  A  GEOLOGICAL  FORMATION. — It  is,  perhaps, 
scarcely  possible  to  convey  to  the  beginner  a  more  complete 
idea  of  a  geological  formation,  than  to  conceive  an  existing 
ocean  —  the  Pacific,  for  instance — by  the  elevation  of  its 
bed,  changed  to  dry  land,  since  we  should  thus  witness 
all  the  varied  phenomena  observable  in  the  formations  of 
the  earth,  and  in  the  mineralised  beds  of  its  primeval  seas. 
At  those  points  where  its  largest  rivers  discharge  their 
waters  into  the  ocean,  we  should  find  deposits  of  silt  and 
mud  analogous  to  the  finely  laminated  clays  or  marls  of  our 
ancient  strata.  Its  calcareous  springs  would,  in  numerous 
instances,  cement  many  of  the  deposits  strewed  over  its  floor 
to  the  consistency  of  stone,  and  would  convert  its  fragmen- 
tary corals  and  broken  shells  to  beds  of  limestone.  At  other 
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points,  we  should  meet  with  coral  reefs  and  isles,  corre- 
sponding with  the  analogous  phenomena  of  the  medial  and 
lower  formations  of  the  secondary  strata.  Beds  of  gre- 
garious mollusca  would  offer  a  resemblance  to  similar  accu- 
mulations in  the  ancient  deposits ;  while  the  various  tribes 
of  zoophytes,  Crustacea,  and  fish,  would  occupy  their  respec- 
tive localities,  the  sponges  and  corals  inhabiting  beds  and 
reefs,  the  shells  frequenting  the  sands  of  the  shore,  and  the 
Crustacea  and  the  fishes  strewn  over  the  floor  of  the  ocean  ; 
while  the  picture  would  be  completed  by  the  exhibition  of 
volcanic  agency,  exerted  both  above  and  below  the  surface  of 
the  waters.  Indeed,  with  the  exclusion  of  the  remains  and 
the  works  of  man,  we  should  find  a  southern  ocean  of  the 
present  day,  if  changed  to  dry  land,  to  present  a  perfect 
panorama  of  the  most  extensive  and  important  formations  of 
the  ancient  earth,  and  of  the  varied  phenomena  of  primeval 
nature. 

THE  STRATIFIED  BOCKS. — A  stratified  rock  may  be  de- 
fined to  be  one  whose  upper  and  lower  surfaces  are  parallel 


FIG.  58. 


to  each  other ;  in  other  words,  which  exhibits  that  division 
into  layers  and  partings,  which  is  recognised  in  every  aqueous 
deposit,  every  quarry  of  limestone,  and  every  pit  of  chalk, 
as  in  the  accompanying  illustration  (fig.  58). 
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HORIZONTAL  POSITION. — Stratified  rocks  were  originally 
dej  osited  in  a  horizontal,  or  a  nearly  horizontal  position,  as 
here  depicted  (fig.  59),  agreeably  to  the  law  by  which  fluid 
substances  find  their  level ;  the  fact  is  demonstrated  by  the 
circumstance,  that  fossils  are  always  deposited  conformably 
to  the  planes  of  stratification.  This  circumstance  is  beauti- 
fully exhibited  in  the  cliffs  of  Alum  and  Whitecliff  Bays, 
in  the  Isle  of  Wight,  where  rows  of  flints  and  silicified 
sponges,  originally  deposited  in  a  horizontal  position,  are 
now  lifted  quite  upright,  with  the  beds  of  chalk  which 
contain  them. 


Fio.  59. 

DISTURBANCE  OF  THE  STRATA.— Subsequently  to  their 
deposition,  the  strata  have,  in  many  instances,  undergone 
disturbance,  and  have  been  raised  at  various  angles  with  the 
horizon. 

VERTICAL  STRATA. — Occasionally  they  are  lifted  almost 
to  a  vertical  position,  as  in  the  following  illustration,  exhib- 
iting the  Silurian  strata  on  which  Powis  Castle  is  built.* 
The  chalk  and  tertiary  beds  at  Alum'  and  Whitecliff  Bay,  in 
the  Isle  of  Wight,  are  likewise  nearly  vertical. 


FIG.  60. 


INVERTED  POSITION. — In  some  cases,  by  the  intrusion  of 
igneous  rocks,  they  are  actually  inverted,  and  turned  back, 
as  instanced  in  the  Malvern  hills  (fig.  61). 

*  Sir  R.  Murchison's  Silurian  System. 
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DISJOINTED  STRATA. — Fig.  62  presents  a  similar  instance 
of  change  in  the  direction  of  the  strata,  produced  by  a  like 


cause,  and  displayed  in  the  same  region.  Beds  which  at  5 
strike  in  a  southerly  direction,  on  reaching  the  Malvern 
syenite  at  a,  are  thrown  into  vertical  and  disjointed  masses 
at  b* 


FIG.  62. 


CURVED  STRATA. — In  other  instances  they  are  curved,  as 
is  the  case  with  the  gneiss,  at  Oreby,  Isle  of  Lewis,  a  deli- 
neation of  which  forms  the  frontispiece  to  Dr.  M'Culloch's 
Western  Isles  (fig.  63). 


FIG.  63. 


EXPERIMENTS    OP    SIR   JAMES    HALL. 
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ARCHED    STEATA. — They  sometimes    form    an  .arch,  as 
in  the  Malvern  hills  (fig.  64). 


FIG.  64. 


CONTORTED  STRATA. — Occasionally  they  are  contorted,  as 
on  the  banks  of  the  Wye  (fig.  65),  and  near  May  Hill. 


FIG.  65. 

EXPERIMENTS  or  SIR  JAMES  HALL. — Such  contortions 
were  shown  by  Sir  James  Hall,  by  a  simple  experiment,  to 
have  arisen  from  lateral  pressure,  attended  with  some  degree 
of  resistance,  both  above  and  beneath.  He  took  various 
pieces  of  cloth — some  linen,  some  woollen — and  placing 
them  horizontally  on  a  table,  c,  covered  them  by  a  weight,  a, 
acting  horizontally  on  the  pieces  of  cloth. 
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FIG.  66. 


He  then  applied  pressure  at  the  sides,  5  5,  and  found  that, 
while  the  superincumbent  weight,  a,  was  raised  to  a  certain 
extent,  the  cloths  were  folded  and  contorted,  in  a  manner 
perfectly  analogous  to  the  foldings  and  contortions  of  rocks 
observed  in  nature,  and  portrayed  in  fig.  65. 


FIG.  67. 

UNSTEATIFIED  BOCKS. — The  unstratified  rock  differs  from 


FIG.  68. 


FALSE    STRATIFICATION. 
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the  stratified,  in  presenting  none  of  those  parallel  surfaces, 
or  divisions  into  layers,  which  are  remarked  in  all  sedimentary 
deposits ;  it  usually  occurs  as  a  shapeless  mass  of  mineral 
matter,  as  in  the  accompanying  figure  (fig.  68). 

VEINS    OF    GrRANITE  AND    OTHER  laNEOTJS    EoCKS. — "We 

have  stated  that  rocks  of  this  kind  occur  in  veins,  which, 
in  the  instance  of  granite,  are  frequently  traversed  by  veins 
still  newer  than  themselves  (fig.  69). 


FIG.  69. 


These  veins  have  often  penetrated  through  the  overlying 
deposits,  and  flowed  over  the  rocks  which  they  have  displaced, 
as  shown  in  fig.  70. 


FIG.  70. 


FALSE  STRATIFICATION. — Occasionally  rocks  of  this  kind, 
especially  granite,  at  its  junction  with  slate  and  other  rocks, 
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present  markings  of  cleavage,  which  have  some  resemblance 
to  stratification,  and  might  be  mistaken  for  such.  The 
student  will,  however,  easily  distinguish  between  the  two, 
not  only  by  the  mineral  composition  of  the  rocks,  but  by 
observing  that  the  lines  resembling  stratification  run  into 
one  another  in  various  directions,  or  are  only  continued  for 
short  distances,  as  in  fig.  71. 


FIG.  71. 

COLUMNAR  ARRANGEMENT. — Several  of  the  unstratified 
rocks,  more  especially  basalt,  together  with  porphyry  and 
greenstone,  occasionally  assume  a  columnar  form.  These 
columns  occur  of  three,  four,  five,  six,  or  eight  sides,  but 
those  with  four  and  six  form  the  prevailing  structure.  They 
are  either  continuous  from  top  to  bottom,  as  in  fig.  72, 


FIG.  72. 


or  they  are  jointed,  and  consist  of  a  number  of  short  prisms, 
piled  on  each  other,  as  in  fig.  73. 


HORIZONTAL   ARRANGEMENT. 


FIG.  73. 


VERTICAL  COLUMNS. — When  basaltic  columns  .occur  in 
tabular  masses,  as  at  the  Giant's  Causeway,  or  Stafia,  they 
are  commonly  vertical,  as  in  fig.  74. 


FIG.  74. 

HORIZONTAL  ARRANGEMENT. — "When  they  occur  in  dikes, 
and  have  been  erupted  through  overlying  masses,  they  are 
usually  smaller,  and  take  a  horizontal  position,  owing,  in  all 
probability,  to  the  force  with  which  they  have  been  urged 
upwards,  and  the  resistance  which  they  have  met*  with  from 
the  deposits  which  they  have  penetrated,  as  in  this  fig.  75. 


FIG.  75. 
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Occasionally  the  columnar  and  massive  structure  of  basalt 
are  exhibited  in  conjunction,  as  in  fig.  76. 


FIG.  76. 

ARRANGEMENT  OF  DEPOSITS. — We  have  described  the 
unstratified  rocks,  especially  granite,  as  constituting  the 
foundation  and  the  framework  of  the  whole  superstructure 
of  our  globe.  The  accompanying  figure  exhibits  the  varied 
situations  of  the  granite,  as  forming  the  basement-rock 
on  which  all  the  others  repose,  and  the  nucleus  of  the 
mountain,  which,  having  been  forced  through  the  superin- 
cumbent rocks,  has  borne  them  upwards  in  its  ascent ;  the 
strata  in  the  vicinity  of  the  mountain,  a,  being  raised  at 
an  acute  angle  at  b,  and  sinking  to  nearly  a  level  position  in 
the  plains  at  c. 


FIG.  77. 

The  form  and  succession  of  the  rocks  above  described 
prevail,  with  some  local  exceptions  and  modifications,  over 
the  whole  earth ;  so  that  its  entire  surface  may,  be  con- 
sidered to  form  a  series  of  basins,  of  which  the  largest, 
deepest,  and  thickest  lie  at  the  bottom,  and  are  filled  up  by 
others,  which  become  smaller,  shaUower,  and  thinner  as  they 
approach  the  top,  the  deposits  being  uplifted  and  raised 
towards  the  edges  of  these  basins,  and  becoming  level,  or 
nearly  so,  towards  the  centre. 


DIP. STRIKE. 
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DIP. — The  inclination  of  strata  from  a  horizontal  position 
is  called  their  dip,  the  amount  of  the  dip  being  the  quantity 
of  the  angle  which  the  line  of  inclination  makes  with  that  of 
the  horizon,  as  in  the  accompanying  figure,  78.  If  the 
angle  made  by  the  meeting  of  the  lines  of  the  strata,  5  5,  and 
the  horizontal  line,  a,  be  equal  to  45  degrees  towards  the 
east,  the  strata  are  said  to  dip  45  degrees  in  that  direction. 


FIG.  78. 

STBIKE. — Again,  the  various  terms  of  the  dip,  the  strike, 
&c.,  of  strata,  will  be  farther  understood  by  the  following 
illustration.  The  dip,  as  before  observed,  is  the  line  which 
the  strata  makes  with  the  horizon :  the  strike  is  a  line  at 
right  angles  to  the  dip.  In  other  terms,  if  the  student  only 
place  a  book  on  the  table,  with  the  edges  of  the  leaves  down- 
wards, and  the  back  of  the  book  up- 
wards, as  in  the  accompanying  figure, 
and  if  he  move  one  side  of  the  cover 
a  short  distance,  the  cover  so  moved, 
5,  will  represent  the  line  of  dip,  while 
the  back  of  the  volume,  a,  a,  will  ex- 
emplify the  line  of  strike.  If  the 
cover  of  the  book  be  extended  only  in 
a  slight  degree,  the  dip  will  be  propor- 
tionately steep ;  if  the  cover  be  opened 
farther,  so  that  the  book  lies  nearly 
flat  on  the  table,  the  dip  will  be  proportionately  less. 

Having  ascertained  the  line  of  dip,  we  can  determine 
the  direction  of  the  strike ;  if  the  dip  be  towards  either  the 
north  or  south,  the  strike  will  be  east  and  west ;  if,  on  the 
other  hand,  the  dip  be  east  and  west,  the  strike  will  be 
north  and  south.  But  the  converse  of  this  proposition 
by  no  means  holds  good;  for  though  the  line  of  dip  gives 
the  line  of  strike,  the  line  of  strike  does  not  give  the  line  of 
dip,  since  there  are  two  lines  of  dip  common  to  every  line 
of  strike,  and  strata  having  a  line  of  strike  running  from 
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FIG.  79. 
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north  to  south,  may  dip  either  to  the  east  or  west.  In 
other  terms,  as  we  have  moved  one 
side  of  the  cover  of  our  book  to  the 
right,  we  can  move  the  other  to  the 
left,  5,  while  the  back  of  the  volume, 
a,  a,  still  retains  the  same  position. 

ANTICLINAL  LINE. — The  anticlinal 
line  is  that  elevated  central  point  from 
which  the  strata  diverge  in  opposite 
directions.  To  represent  it  we  have 
only  to  extend  both  sides  of  our  volume, 
as  in  fig.  81. 

SYNCLINAL  LINE. — The  synclinal  line  is  the  reverse  of 
the  preceding,  being  the  point  at  which  the  strata  converge 
towards  each  other.  To  depict  it  we  have  merely  to  turn 
our  book  over,  and  open  it  only  half  way,  exactly  at  the 
middle,  and  the  line  between  the  two  pages  will  present  the 
synclinal  line,  or  that  point  towards  which  the  strata  incline 
in  the  same  direction.  (Fig.  82.) 


FIG.  80. 


FIG.  81. 

The  qua-qua-versal  dip,  is  a  term  employed  to  express  the 
appearances  presented  when  the  strata  having  been  elevated 
into  a  boss,  or  dome-shaped  protuberance,  the  summit  of 
the  dome  has  subsequently  been  carried  away,  and  the  ground- 
plan  exhibits  the  edges  of  the  strata,  forming  a  succession 
of  circles  or  ellipses  round  a  common  centre.  These  circles 
are  the  line  of  strike,  and  the  dip,  being  always  at  right 
angles,  is  inclined,  in  the  course  of  the  circuit,  to  every 
point  of  the  compass,  constituting  what  is  termed  a  qud- 
gud-versal  dip  ;  that  is,  turning  each  way. 

CONFOBMABLE  POSITION. — Strata  are  said  to  be  conform- 
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able  when  their  general  planes  are  parallel,  whatever  may  be 
their  dip,  as  in  the  following  figure,  where  both  the  upper, 
horizontal  strata,  a,  and  the  lower,  inclined  series,  b,  are 
conformable  to  each  other. 


FIG.  83. 

UNCOKFOBMABLE  POSITION. — When  a  series  of  upper 
strata  rest  on  a  lower  formation,  without  any  conformity  to 
the  position  of  the  latter,  they  bespeak  a  more  modern  series, 
showing  that  the  newest  of  the  underlying  group  must  have 
been  deposited  before  the  oldest  of  the  latter.  They  are 
therefore  said  to  occupy  an  unconformable  position,  as  in 
the  same  figure  83,  where  the  upper,  horizontal  beds,  a,  are 
unconformable  to  the  lower,  inclined  deposits,  5. 

Occasionally  the  upper  series  is  also  raised,  proving  that 
the  lower  strata  have  been  twice  lifted;  first,  when  they 
were  themselves  borne  upwards;  and,  secondly,  when  the 
upper  beds  underwent  a  like  elevation. 

Various  writers  have  cautioned  the  observer  against  cer- 
tain deceptive  appearances  of  the  strata  in  particular  lines 
of  coast,  where  beds,  apparently  horizontal,  dip,  in  reality,  at 
a  very  considerable  angle.  The  following  figure  exhibits  a 
headland  seen  from  the  south,  in  which  the  strata  appear 
to  the  eye  perfectly  level. 


FIG.  81 
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But  if  the  headland  trends  off  at  the  pointy,  (fig.  85)  to 
the  northward,  affording  a  view  of  the  cliffs  westward,  such 
view  will  prove  that  the  appearance  from  the  south  is 
deceptive,  for  the  lines  on  the  western  side  show  a  con- 
siderable angle  to  the  north,  and  by  gradual  increase  of  that 
angle  become  vertical  at  a. 


FIG.  85. 

OEDEE  AND  SUCCESSION  or  EOCKS. — "We  have  stated  that 
the  fossiliferous  rocks  follow  an  invariable  order  of  suc- 
cession. That  this  arrangement,  although  never  reversed, 
is  occasionally  imperfect ;  so  that,  though  we  never  meet 
with  b  going  before  a,  or  c  preceding  5,  yet  we  occasionally 
miss  not  only  a  single  letter,  but  a  succession  of  letters, 
and  find,  in  certain  localities,  that  entire  groups  of  strata 
are  wanting,  which  occur  in  other  places  of  like  geological 
character.  This  effect,  we  observed,  may  have  resulted 
either  from  the  missing  beds  never  having  been  deposited  in 
this  spot,  or  from  their  having  been  denuded,  and  carried 
away  by  the  abrading  power  of  water,  before  the  newer  strata 
were  deposited. 


FIG.  86. 


Similar  causes  may  have  occasipned  either  the  partial  depo- 
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sition  or  partial  denudation  of  a  single  bed,  and  produced 
the  thinning  out  of  a  particular  stratum,  as  exhibited  in  the 
diagram  annexed.  (Fig.  86.) 

AGE  OF  MOUNTAIN-CHAINS. — The  conformable  or  uncon- 
formable  position  of  the  strata  affords  a  safe  and  satisfactory 
guide  to  many  investigations  of  interest  and  importance ; 
from  data  thus  furnished  we  learn  that  the  mountain-chains 
were  not  all  of  contemporaneous  origin,  but  have  been  raised 
at  different  epochs.  Thus,  if  on  the  sides  of  one  mountain 
(fig.  87)  we  find  a  series  of  strata,  a,  raised  and  covered 
unconformably  by  another  group,  b,  it  is  obvious  that  the 
central  chain  must  have  been  thrown  up  after  the  series  a 
had  been  deposited,  but  before  the  formation  of  the  beds  b. 


FIG.  87. 


But  if  on  the  sides  of  another  mountain  (fig.  88)  we  find 
both  the  series  a  and  b  tilted  and  covered  unconformably  by 
another  series,  c,  we  have  proofs  that  this  mountain-chain  is 
of  more  modern  date  than  that  on  the  sides  of  which  the 
same  strata,  b,  are  undisturbed. 


SEARCH  FOB  COAL. — The  dip  of  strata  is  frequently  con- 
nected with  questions  of  practical  as  well  as  of  theoretical 
interest.  We  will  suppose  a  case — one  of  very  frequent 
occurrence — where  a  landowner,  who  is  aware  that  coal 
exists  on  an  adjacent  estate,  is  desirous  to  ascertain  if  it  is 
also  to  be  found  on  his  own,  and  if  the  attempt  to  discover 
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it  might  be  instituted  with  any  probability  of  success.  It 
has  been  observed  with  reference  to  such  a  question,  that 
if  the  dip  of  the  strata  in  the  vicinity  be  towards  the  estate 
where  the  trial  is  to  be  made,  it  is  probable  that  the  coal 
may  be  found  under  it ;  but  if  the  dip  is  in  a  contrary  direc- 
tion, the  search  ought  not  to  be  undertaken.  The  accom- 
panying figure  will  explain  the  reason. 


FIG. 


The  beds  1,  2,  3,  and  4,  are  a  series  of  coal-strata  dipping 
towards  d;  the  un conformable  strata,  c  c,  are  beds  of  sand- 
stone lying  over  the  coal.  Supposing,  the  coal-vein  4  rises 
to  the  surface  at  that  point  on  the  estate  of  A,  adjoining  the 
estate  of  B,  which  lies  towards  d,  it  is  then  apparent  that  A 
would  find  only  a  point  of  the  vein  on  his  estate,  and  that  it 
would  be  useless  to  search  in  the  direction  of  b  for  coal,  since 
the  dip  of  4  is  sufficient  to  prove  that  none  exists  there.  But 
on  the  estate  of  B,  though  no  coal  came  to  the  surface,  still 
the  dip  of  that  which  exists  on  the  estate  of  A  would  render 
it  highly  probable  that  coal  would  be  found ;  the  possibility 
of  the  coal  lying  too  deep  for  working,  &c.,  being  considera- 
tions which  would  depend  on  the  angle  of  dip,  and  other 
circumstances  of  local  character. 


FIG.  90. 


OUTLIEES. — Strata  are  said  to  form  outliers,  when  they 
constitute  an  isolated  portion  detached  from  the  principal 
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mass  of  the  same  bed  of  which  they  once  formed  a  part. 
Thus,  in  the  accompanying  figure  90,  the  beds  a  and  b  form 
outliers  of  the  main  strata,  c  and  d;  the  missing  portion 
having  been  removed  by  denudation,  and  their  identity  being 
proved  by  the  accordance  of  mineral  character,  position,  and 
imbedded  fossils. 

ESCARPMENT. — Strata  are  said  to  form  an  escarpment 
when  they  terminate  abruptly,  as  at  a,  5,  in  the  above 
figure  90.  A  mural  escarpment  is  one  of  a  steeper  and 
more  perpendicular  character. 

OBIGIN  or  VALLEYS. — When  the  opinions  of  Werner 
more  generally  prevailed,  and  water  was  regarded  as  the 
universal  agent  in  producing  geological  phenomena,  many 
effects  were  attributed  to  aqueous  agency  which  are  now 
ascertained  to  have  been  occasioned  by  other  causes.  It  was 
then  usual  to  refer  all  valleys  to  aqueous  action,  and  to 
consider  them  as  having  been  produced  by  the  rivers  and 
streams  which  flow  through  them.  It  soon,  however,  became 
evident  that  this  cause  alone  was  insufficient,  and  that  in 
many  instances  they  had  been  produced  by  other  agencies  ; 
these  conclusions  being  founded  chiefly  on  the  fact,  that 
many  streams,  instead  of  running  through  soft  strata,  avoid 
.  these,  and  find  their  way  through  rocks  of  harder  texture. 
It  thus  became  obvious,  that  the  cause  is  to  be  sought  rather 
in  the  rocks  themselves,  than  in  the  waters  which  flow  over 
them.  Valleys  are  now  divided  into  four  classes,  instead  of 
being  limited  to  that  of  aqueous  origin. 

VALLEYS  OP  DISLOCATION. — These  are  caused,  by  fissures 
of  various  dimensions,  some  of  colossal  size,  which  have  been 


FIG. 91 


formed  during  the  upheaval  and  separation  of  the  strata  in 
the  region  of  which  they  form  a  part.  They  usually  present 
steep  escarpments,  the  strata  on  each  side  frequently  bearing 
evidence  of  former  continuity.  The  mode  by  which  they 
have  been  produced  will  be  perceived  by  the  accompanying 
figure  91. 
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VALLEYS  OF  UNDTJLATIOK. — These  are  produced  by  two 
neighbouring  elevations,  which,  by  lifting  the  strata  on  each 
side  without  occasioning  fracture  or  dislocation,  have  left 
a  valley  between,  towards  the  middle  of  which  their  planes 
are  inclined,  and  of  which  they  form  the  sides.  Their  struc- 
ture will  be  understood  by  a  reference  to  the  following 
illustration  (fig.  92). 


FIG.  92. 


VALLEYS  OF  DENUDATION. — These  and  the  succeeding 
class  have  been  formed  by  the  action  of  water  on  soft  and 
porous  strata,  in  the  same  manner  as  the  ravines  caused  by 
storms,  floods,  and  torrents.  Valleys  of  this  kind  are  of 
constant  occurrence.  It  is  to  such  erosions  that  the  changes 


are  to  be  ascribed  so  constantly  taking  place  in  the  beds  of 
rivers.  The  term  is  usually  limited  to  those  valleys  where 
the  strata  are  not  far  removed  from  a  horizontal  position,  and 
where  their  former  continuity  cannot  be  doubted  (fig.  93). 

VALLEYS  OF  ELEYATION. — These  may  be  described  as 
owing  their  origin  to  the  circumstance,  that  certain  beds 
having  been  originally  raised  in  the  form  of  a  wave,  have 
subsequently  been  exposed  to  the  denuding  action  of  water, 
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nnd  that  a  peculiar  stratum  harder  than  the  rest,  having 
resisted  this  abrading  force,  has  formed  the  kind  of  valley  de- 
picted in  the  accompanying  figure  (94),  presenting  a  central 
axis  whence  the  strata  dip  in  opposite  directions. 


FIG.  94. 


ORIGIN  OF   CAVERNS. — These  have  been  ascribed  too 


FIG.  95. 


generally  to  the  agency  ^  of  water.  It  is  now  ascertained 
that  these  chasms  are  owing  to  the  same  causes  which  have 
produced  fissures  and  valleys,  and  that  they  have  been  occa- 
sioned by  the  fractures  and  dislocations  consequent  on  the 
upheaval  of  the  strata.  At  the  same  time  it  is  equally  clear, 
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that  the  operation  of  water  has,  in  many  cases,  tended  largely 
to  modify  the  nature  of  these  caverns,  by  eroding  the  sides 
and  the  bed,  and  altering  their  form  and  configuration.  The 
fracture  and  dislocation  of  rocks  at  the  surface  have  often 
produced  the  phenomenon  of  a  natural  bridge,  as  exemplified 
in  the  accompanying  figure  (95),  which  depicts  that  of  Ico- 
nonzo,  in  South  America,  which  is  produced  by  the  fissurmg 
of  the  strata,  and  the  fall  of  two  masses  of  rock,  one  above 
the  other,  extending  across  the  chasm. 

FAULTS The  fissures  and  dislocations  which  interrupt 

the  continuity  of  a  bed  are  termed  faults.  The  accompany- 
ing figure  (96)  represents  an  example  of  this  kind,  where 
strata  which  once  were  continuous,  either  by  the  subsidence 
of  the  strata  on  one  side  of  the  fault,  or  their  elevation  on 
the  other,  have  been  dislocated  and  displaced 


FIG.  96. 

These  interruptions  are  a  source  of  considerable  difficulty 
in  coal-mines,  where  they  often  suddenly  interrupt  the  miner 
in  his  course,  and  deprive  him  of  the  treasure  which  he  has 
found.  They,  however,  offer  corresponding  advantages,  since 
they  counteract  the  tendency  of  the  coal-seams  to  plunge  to 
depths  at  which  it  would  be  impossible  to  reach  them ;  and 
when  filled  with  solid  materials,  they  form  embankments 
which  keep  out  the  water,  that  would  otherwise  flood  the 
mine,  and  prevent  the  possibility  of  working  it ;  they  also 
act  as  barriers,  and  stop  the  progress  of  flames. 

DECEPTIVE  APPEABANCE  or  FAULTS. — These  disturb- 
ances, however,  frequently  prove  a  source  of  loss  and  disap- 
pointment to  inexperienced  persons,  who,  observing  different 
appearances  of  coal  at  the  surface,  conclude  that  they  repre- 
sent so  many  separate  seams ;  whereas,  in  reality,  a  single 
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seam  has  only  been  dislocated  and  moved  to  different  levels, 
by  means  of  'faults,  as  figs.  97  and  98. 


PIG.  97. 

EQUIVALENT. — Where  one  bed  supplies  the  place  of 
another,  which  in  that  situation  is  wanting,  such  stratum  is 
called  the  equivalent  of  the  missing  deposit.  "When  a  bed 
suddenly  terminates,  and  its  place  is  supplied  by  one  of 
different  character,  the  latter  is  also  called  the  equivalent  of 
the  former. 


FIG.  98. 

There  are  some  other  varieties  of  texture,  as  well  as 
different  phenomena  in  rocks,  which  may  be  here  mentioned. 

PISOLITES. — The  pisolitic  structure  in  certain  stones  is 
occasioned  by  isolated  globules  formed  of  concentric  layers. 
They  are  produced  by  water  holding  foreign  substances  in 
solution,  and  possessing  such  a  power  of  motion  as  to  enable 
them  continually  to  transport  with  them  the  grains  of  sand 
occurring  in  their  course.  Each  of  these  grains  becomes 
covered  on  all  sides  with  successive  pellicles  of  the  substance 
deposited  by  the  fluid,  and  it  thus  increases,  assuming  the 
spheroidal  form,  until  becoming  too  heavy  for  transport  it 
falls  to  the  bottom  of  the  liquid,  where  the  whole  are  agglu- 
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tinated  together.  Occasionally  each  pisolite  encloses  in  its 
centre  a  grain  of  foreign  substance ;  but  this  is  by  no  means 
a  necessary  condition,  and  the  original  nucleus  may  be  a 
particle  of  the  same  substance  in  which  it  is  enclosed.  The 
oolitic  structure,  particularly  of  the  coarser  kind,  strongly 
resembles  the  pisolitic,  and  is  considered  to  be  owing  to  a 
similar  cause. 

ROLLED  PEBBLES. — Running  waters  have  the  effect  of 
rounding  those  materials  which  they  wash  out  of  the  beds 
by  the  attrition  and  abrasion  occasioned  by  such  transport. 
A  familiar  illustration  is  furnished  by  the  beach  formed  at 
the  base  of  chalk  cliffs,  where  none  of  the  flints  present  sharp 
edges,  being  all  worn  smooth  by  the  action  of  the  waves. 

NODULES. — Substances  which  have  consolidated  in  the 
midst  of  semi-fluid  matters  often  owe  to  the  resistance  thus 
opposed  to  them  a  reniform  or  kidney-like  shape,  such 
objects  being  smooth  externally,  when  the  substance  of 
which  they  are  composed  is  little  susceptible  of  crystal- 
lisation, and  furnished  with  crystals  when  it  is.  The  former 
case  is  instanced  by  nodules  of  silex ;  the  latter,  by  various 
substances  of  more  crystalline  character,  among  others,  the 
masses  of  iron  pyrites  discovered  in  the  same  deposits. 

G-EODES. — Occasionally  nodules  of  silex,  and  other  sub- 
stances, are  hollow  in  the  interior,  and  they  are  then  termed 
geodes.  The  nodules  of  quartz,  which  present  this  form,  are 
usually  lined  with  crystals  of  the  same  substance;  they 
occur  abundantly  in  the  counties  of  Somerset  and  Devon, 
where  they  bear  the  name  of  potato-stones. 

INCRUSTATIONS  AS  DISTINGUISHED  FROM  PETRIFAC- 
TIONS.— Waters  which  flow  over  limestone  rocks  have  the 
power  of  dissolving  a  portion  of  the  lime,  and  on  reaching 
the  colder  temperature  of  the  atmosphere,  they  deposit 
it  again  in  a  solid  state ;  a  familiar  example  of  this  opera- 
tion being  furnished  by  the  fur,  as  it  is  termed,  of  the  tea- 
kettle, which  is  formed  by  the  water  which  has  boiled, 
having  deposited,  on  cooling,  a  portion  of  the  lime  which  it 
previously  held  in  solution.*  Certain  springs  in  this  country, 
as  well  as  on  the  Continent,  are  famed  for  this  property.; 
among  the  former,  those  of  Knaresborough  and  Matlock  are 

*  The  carbonic  acid  of  the  water  held  the  lime  in  solution  ;  boiling  expels 
the  gas,  and  causes  the  lime  to  fall  down  as  a  sediment. 
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the  most  celebrated.  Objects  exposed  to  the  action  of  these 
waters  become  incrusted  with  a  coating  of  carbonate  of  lime, 
and  in  this  state  they  are  improperly  termed  petrifactions, 
since  they  are  merely  incrusted  with  the  stony  matter,  not 
permeated  by  it.  For  example,  if  we  place  any  organic  sub- 
stance, as  a  piece  of  wood  or  bone,  in  an  incrusting  spring, 
we  find  that  the  object  is  merely  coated  with  the  stony 
matter,  but  internally  is  wood  or  bone  still ;  whereas  in  real 
fossils,  not  only  the  mere  external  covering,  but  the  whole  of 
the  interior  structure,  is  converted  into  stone. 

ATJTHOES. — The  objects  comprised  in  the  term  Physical 
Geology  are  so  numerous  and  diversified,  that  we  must  again 
refer  to  the  authors  already  named  for  more  ample  informa- 
tion. They  may  be  severally  consulted  with  advantage,  for 
the  following  purposes :  For  the  elements  and  combinations 
of  rocks,  read  Dr.  M'Culloch's  Classification  of  Rocks,  his 
System  of  Geology,  and  his  Western  Isles  of  Scotland ;  as 
also  the  Introduction  of  Mr.  Bakewell,  and  the  Guide  and 
other  works  of  Professor  Phillips :  for  the  action  of  water  in 
currents,  streams,  rivers,  lakes,  and  seas,  and  the  dynamics  of 
the  subject,  the  writings  of  Sir  H.  T.  Delabeche,  Dr.  Hutton, 
and  Professor  Playfair,  may  be  studied ;  while  the  works  of 
Sir  C.  Lyell  will  be  found  replete  with  instruction  in  every 
department  of  geology. 


EXEECISES 
ON  PHYSICAL  GEOLOGY. 

1.  Commit  to  memory  the  fourfold  division  of  rocks  enu- 
merated at  the  commencement  of  the  chapter. 

2.  Impress  on  the  recollection,  the  most  important  cha- 
racters and  distinctions  of  the  primary  rocks,  for  the  reason 
that  they  are  less  clearly  defined  than  those  of  the  sedi- 
mentary deposits. 

3.  Commit  to  memory  the  names  of  the  successive  forma- 
tions, together  with  the  distinctive  features  of  each,  under 
the  heads  of  mineralogical  character,  order  of  succession,  and 
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contained  fossils.  Ascertain  the  extent  and  depth  of  each 
formation,  the  counties  in  which  it  occurs,  its  relation,  value, 
and  importance,  in  an  agricultural,  economical,  or  commer- 
cial point  of  view,  and  commit  to  your  note-book  any  general 
information  relating  thereto. 

4.  Be  careful  to  unite  practice  with  theory,  in  the  inquiries 
above  suggested,  and  trace  every  group  on  a  geological  map. 

5.  Ascertain  the  continual  progress  of  geological  inquiry, 
on  the  debateable  points  of  drift,  the  glacial  theory,  the 
transport  by  icebergs,  &c. 

6.  Describe  the  component  elements  of  granite,  gneiss, 
and  mica-schist,  with  their  arrangement  in  each. 

7.  What  are  syenite,  greenstone,  hornblende  ? 

8.  Name  the  characteristic  features  of  the  trap-rocks. 

9.  Describe  porphyry  and  basalt. 

10.  Mention  the  principal  volcanic  products,  with  their 
chemical  composition. 

11.  State  the  general  characters  of  the  igneous  rocks. 

12.  Explain  the  nature  of  elevating  and  degrading  causes. 

13.  Describe  the  composition  of  calcareous  and  arenaceous 
deposits,  and  the  most  ready  mode  of  distinguishing  them. 

14.  State  the  cause  of  drifb,  and  the  chief  instances  of  its 
occurrence. 

15.  Describe  the  structure  and  origin  of  slaty  rocks. 

16.  What  is  meant  by  the  term  alluvium,  and  what  are 
its  distinctions  ? 

17.  Explain  the  various  terms,  group,  formation,  series, 
system,  breccia,  conglomerate,  dip,  strike,  conformable  and 
unconformable  position,  outlier,  denudation,  anticlinal  and 
synclinal  axis,  escarpment,  valleys  of  dislocation,  undulation, 
denudation,  and  elevation,  &c. 

18.  Explain  the  difference  in  appearance  and  character  of 
a  stratified  and  unstratified  rock. 

19.  State,  in  detail,  the  phenomenon  of  nature  best  adapted 
to  afford  an  idea  of  a  geological  formation. 

20.  Copy,  or  otherwise  impress  on  the  recollection,  the 
diagrams  comprised  in  the  preceding  chapter. 

21.  Consult  the  works  of  Murchison,  Conybeare,  Phillips, 
Buckland,  Mantell,  Bakewell,  &c.,  which  treat  of  physical 
geology,   and  copy   on  tracing  paper   their   outlines   and 
delineations. 
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FOSSIL    BOTANY. 

Authors:  —  Lindley,  Hutton,  Artis,  Witham,  Buckland,  Sternberg,  Presl, 
Goppert,  Cotta,  Schlotheim,  Brongniart,  Mantell's  Pictorial  Atlas. 

Museums  : — British  Museum,  Geological  Society,  Economic  Geology,  New- 
castle, Dudley,  Manchester,  Leeds,  Scarborough,  Whitby,  Glasgow  Col- 
lections, &c. 

THE  science  of  Fossil  Botany  is  of  modern  origin. 
M.  Adolphe  Brongniart  observes,  that  scarcely  any  mention 
of  fossil  vegetables  occurs  in  ancient  writers,  and  that  the 
few  observations  of  Theophrastus  and  Pliny  are  too  vague 
and  obscure  to  be  of  any  value.  The  silence  of  Greek  and 
Boman  authors  ought  not  to  surprise  us ;  coal,  which  con- 
stitutes the  great  depository  of  fossil  plants,  being  wanting, 
or  undiscovered,  in  the  regions  chiefly  inhabited  by  these 
nations ;  while  in  Germany,  France,  and  England,  where  coal 
is  chiefly  found,  the  Eomans  were  more  intent  on  establish- 
ing their  domination,  than  in  studying  the  natural  resources 
of  those  regions ;  the  extensive  woods  which  then  covered  so 
large  a  portion  of  the  surface,  affording  a  sufficient  supply  of 
fuel,  without  compelling  a  recourse  to  those  mineral  stores 
afforded  by  the  entombed  forests  of  the  primeval  earth. 

Coal,  however,  is  mentioned  by  Theophrastus,  Siculus 
Flaccus,  and  St.  Augustine.  It  is  supposed  to  have  been 
known  also  to  the  Boman  occupants  of  our  island,  cinders 
and  pieces  of  coal  having  been  found  in  Boman  roads  and 
walls,  and  Boman  coins  discovered  in  beds  of  cinders.  It 
is  farther  conjectured  to  have  been  known  to  the  British 
aborigines,  hammer-heads,  wedges,  and  axes  of  flint,  having 
been  found  in  beds  of  coal ;  while  the  name  of  the  substance 
is  not  Saxon,  but  British.  A  people  who  are  known  to  have 
wrought  veins  of  tin,  lead,  and  copper,  could  not  have  remained 
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ignorant  of  a  substance  which  often  lies  so  much  nearer 
the  surface  than  these  minerals,  and  fragments  of  coal  are 
constantly  washed  out  of  its  native  beds,  and  borne  into 
the  plains  by  rivulets  and  streams.  There  is  historical 
evidence  of  its  having  been  known  and  employed  in  the 
ninth  century,  during  the  occupation  of  the  Saxons ;  it  is 
also  mentioned  shortly  after  the  Norman  Conquest.  JEneas 
Sylvius,  who  visited  this  island  about  the  middle  of  the 
fifteenth  century,  and  afterwards  became  Pope  Pius  II.,  in  a 
well-known  passage,  mentions,  with  evident  surprise,  that  he 
saw  in  Scotland  poor  people  in  rags  begging  at  the  churches, 
and  receiving  for  alms  pieces  of  stone,  with  which  they  went 
away  contented.  "This  species  of  stone,"  he  observes, 
"  whether  with  sulphur,  or  whatever  inflammable  substance 
it  may  be  impregnated,  they  burn  in  place  of  wood,  of  which 
their  country  is  destitute." 

The  study  of  fossil  botany  commenced  with  the  general 
working  of  coal,  and  though  the  same  erroneous  ideas  pre- 
vailed with  reference  to  vegetable,  as  to  animal  fossils  ;  yet 
the  clearness  and  distinctness  of  their  forms  showed  that  they 
were  actual  plants  ;  while  the  evidence  of  drift  which  they 
exhibited,  occasioned  them  to  be  ascribed  to  the  action  of  the 
deluge.  It  was  not,  however,  till  about  the  commencement 
of  the  last  century  that  the  researches  and  the  publications 
of  La  Hire,  and  in  particular  of  Scheuchzer,  on  the  con- 
tinent, and  of  Lloyd  and  Lister,  in  our  own  country,  drew 
the  attention  of  the  scientific  world  to  this  remarkable 
department  of  natural  science.  At  a  later  date,  the  writings 
of  Leibnitz,  "Wolkmann,  Mylius,  Maraldi,  and  Jussieu,  not 
only  proved  the  general  distribution  of  these  fossils  over  a 
great  part  of  Europe,  but  the  Memoir  of  Jussieu,  published 
in  the  Transactions  of  the  Academy  of  Sciences,  in  1708,  is 
eulogised  by  M.  Brongniart,  as  a  work  truly  remarkable  for 
its  epoch ;  since  it  possesses  the  distinguished  merit  of 
establishing  the  dissimilarity  which  exists  between  the 
plants  of  the  coal,  and  the  existing  vegetation  of  those 
portions  of  Europe  in  which  they  are  now  found,  and  their 
analogy  with  species  peculiar  to  warmer  regions  at  the 
present  day. 

As  earlier  observers  had  been  sceptical  as  to  the  vegetable 
origin  of  these  fossils,  later  inquirers  went  to  the  opposite 
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extreme,  and,  not  content  with  acknowledging  them  to  be 
the  remains  of  the  vegetable  kingdom,  recognised  in  their 
imperfect  impressions  the  characters  of  existing  plants,  and 
pointed  out  ears  of  corn  and  maize,  flowers  of  the  tulip  and 
the  aster,  and  the  fruit  of  the  pine-apple  ! 

The  true  characters  and  relations  of  fossil  plants  were 
studied  and  determined  by  the  labours  of  Schlotheim,  and 
Faujas  de  St.  Fond,  on  the  continent  ;  Parkinson  and 
Artis,  in  this  country ;  and  Steinhauer,  in  America,  up  to 
the  distinguished  continental  botanists,  Sternberg,  Presl, 
Cotta,  Nceggerath,  Agardh,  Nillson,  Nau,  Martius,  and 
Brongniart;  and  their  worthy  fellow-labourers  in  this 
country,  Witham,  Bowman,  Lindley,  and  Hutton. 

The  most  useful  works  on  the  subject  are  the  Prodrome 
and  the  Histoire  des  Vegetaux  Fossiles,  by  Adolphe  Brong- 
iiiart;  the  Versuch  einer  Greognostisch-BotaniscJienDarstellung 
der  Flora  der  Vorwelt,  by  Count  Graspar  Sternberg,  con- 
tinued, after  the  blindness  and  decease  of  this  venerable 
and  ardent  cultivator  of  science,  by  Presl.  As  the  foreign 
publications  here  enumerated  are  large  and  expensive, 
and  chiefly  relate  to  forms  of  plants  derived  from  foreign 
localities,  and  not  occurring  so  frequently  in  this  country, 
the  reader  is  recommended  to  commence  with  the  excellent 
English  work,  entitled  the  Fossil  Flora,  by  Lindley  and 
liutton. 

CLASSIFICATION  OF  VEGETABLES. — The  student  of  fossil 
botany  will  find  it  expedient  to  follow  the  method  prescribed 
for  other  branches  of  natural  science,  and  commence  the 
study  of  the  present  vegetation  of  the  earth  as  the  means  of 
deciphering  that  of  the  past.  The  following,  sketch  will 
afford  an  outline  of  the  classification  of  the  vegetable  king- 
dom. For  more  ample  details  we  refer  to  the  admirable 
Introductions  by  Sir  William  Hooker,  Sir  J.  E.  Smith,  Dr. 
Lindley,  &c. 

The  classification  of  Jussieu,  usually  termed  the  Natural 
System,  is  that  now  generally  adopted.  According  to  this 
method,  plants  are  divided  into  two  great  divisions.  The 
first  consists  of  those  which  are  composed  entirely  of  cellular 
tissue,  are  destitute  of  vessels,  and  whose  embryo  or  germ 
has  no  cotyledons,  or  seed-leaves,  whence  they  are  termed 
acotyledonous  ;  they  are  also  named  cryptogamic,  from 
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and  yapos,  concealed  marriage,  because  no  parts  of  fructifica- 
tion have  yet  been  discovered  The  other  division  comprises 
such  as  are  more  complicated  in  structure,  being  furnished 
with  cellular  tissue  and  tubular  vessels,  and  the  embryo  having 
one  or  more  cotyledons,  whence  they  are  called  vascular  or 
cotyledonous,  and  are  subdivided  into  the  dicotyledonous,  or 
exogenous,  and  the  monocotyledonous,  or  endogenous  classes. 

EXOGENOUS  OK  DICOTYLEDONOUS  STRUCTURE. — A  trans- 
verse section  of  a  branch  of  the  oak  (fig.   99)  exhibits  a 


FIG.  99.    Transverse  section  of  dicotyledonous  wood. 

central,  cellular  substance  or  pith ;  an  external  cellular  and 
fibrous  ring,  or  bark ;  an  intermediate  woody  mass,  and  certain 
fine  lines,  radiating  like  the  spokes  of  a  wheel,  from  the  pith 
to  the  bark  through  the  wood,  and  called  medullary  rays. 


FIG.  100     Germ  of  a  dicotyledonous  plant. 

This  is  the  structure  of  an  exogenous  plant,  so  called  from 
f|<»,  without,  and  ytwav,  to  increase,  because  its  mode  of 
growth  is  by  fresh  layers  from  without,  from  the  circum- 
ference to  the  centre ;  it  is  also  termed  dicotyledonous, 
because  its  germ  has  two  cotyledons,  or  seed-leaves  (fig.  100). 
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Plants  of  this  kind  compose  the  greater  part  of  our 
European  trees,  and  their  leaves  have  nerves  much  branched 
and  running  into  each  other. 

ENDOGENOUS  OE  MONOCOTTLEDONOUS  STEUCTUEE. — In 
the  cane,  neither  bark,  nor  pith,  nor  wood,  nor  medullary 
rays,  are  distinguishable ;  but  a  transverse  section  of  a  stem 
exhibits  a  large  number  of  holes,  irregularly  arranged,  and 
caused  by  the  section  of  vessel-like  tissue,  and  the  mass  of 
woody  or  cellular  substance  in  which  they  lie  embedded 
(fig.  101). 


FIG.  101.    Transverse  section  of  monocotyledonous  wood 

A  longitudinal  section  exhibits  similar   differences,   as   in 
figs.  102,  103. 

Plants  of  this  latter  class,  are  called  endogenous,  from 
cvftov,  within,  and  ycwaa),  to  increase,  because  their  growth 
takes  place  from  within,  from  the  centre  to  the  circumference; 
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FIG.  102. 

Longitudinal  section  of 
dicotyledonous  wood. 


FIG.  103. 

Longitudinal  section  of  mono- 
cotyledonous wood. 


they  are  also  styled  monocotyledonous,  because  the  germ  has 
but  one  cotyledon,  or  seed-leaf  (fig.  104). 

Trees  of  this  class  prevail  most  abundantly  in  tropical 
climates,  and  the  nerves  of  their  leaves  run  parallel  to  each 
other.  So  constant  are  the  characters  of  the  two  kinds 
of  venation  in  the  leaves,  that  an  experienced  botanist, 
on  inspecting  the  fragment  of  a  leaf,  is  able  to  distinguish 
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the  dicotyledonous  nature  of  a  plant  from  the  fibrous  inter- 
lacing of  its  vessels,  as  seen  in  the  apple  (fig.  105), 


Fio.  104.    Germ  of  a  monocotyledonous  plant. 

or  the  monocotyledonous  character  in  the  smooth  and  parallel 
veins  of  the  gloriosa  superba  (fig.  106). 


FIG.  105. 


CONIFEKOTTS  PLANTS. — In  some  families  of  the  dicotyle- 
donous class,  the  cells,  or  tubes,  are  marked  with  spots  or 
glands  (fig.  107). 


FIG.  106. 


CONIFEROUS   PLANTS. 
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This  is  peculiarly  the  case  with  the  coniferce,  which  form 
a  large  and  very  important  tribe  among  living  plants.  They 
are  characterised  not  only  by  peculiarities  in  their  fructifica- 
tion, having,  together  with  the  cycadea,  their  seeds  originally 
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FIG.  108. 


naked,  and  not  enclosed  in  an  ovary,  for  which  reason  they 
have  been  arranged  as  a  distinct  order ;  but  they  are  still 
farther  distinguished  by  the  peculiarity  of  their  woody 
structure,  whereby  the  smallest  fragment  can  readily  be 
identified.  A  transverse  section  of  any  coniferous  wood,  in 
addition  to  the  radiating  and  concentric  lines,  exhibits  a 
system  of  reticulations  by  which  coniferce  are  distinguishable 
from  other  plants.  The  cross  lines  a,  a,  indicate  the  annual 
circles  of  growth  (fig.  108). 

Among  other  characteristics  of  trees  of  this  order,  they 
all  secrete  resin,  have  branched  trunks,  and  linear,  entire, 
rigid  leaves,  and  they  occur  both  in  the  hottest  and  coldest 
regions.  It  should  be  observed  that  the  minute  structure 
of  wood  above  described  can  only  be  studied  by  the  aid  o 
the  microscope. 

INVESTIGATION  or  FOSSIL  PLANTS. — The  object  chiefly 
desired  by  the  student  of  fossil  botany,  is  to  acquire  such  a 
degree  of  knowledge  as  will  enable  him  to  determine  a 
fossil  plant  with  facility  and  correctness,  and  to  refer  it  to 
the  genus  and  species  to  which,  if  already  known,  it 
belongs.  The  remarks  of  Dr.  Lindley  and  M.  Brongniart 
on  these  points  are  so  important  and  instructive,  that  we 
have  transferred  to  our  pages  the  substance  of  their 
observations. 
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In  recent  plants,  the  botanist  has  the  opportunity  of 
examining  the  organs  both  of  fructification  and  vegetation, 
and,  from  their  structure,  is  enabled  to  judge  of  the  class, 
order,  or  genus  to  which  the  specimen  belongs ;  but  in  a  fossil 
plant,  the  only  parts  capable  of  being  examined  are  the 
internal  structure  of  the  stem,  and  its  external  surface, 
together  with  the  position,  division,  outline,  and  venation  of 
the  leaves. 

Thus  if  the  subject  of  inquiry  be  a  fragment  of  the  fossil 
trunk  of  some  unknown  tree,  if  no  trace  can  be  ascertained 
of  its  exact  anatomical  structure,  it  may  be  possible  to 
ascertain  whether  its  wood  was  deposited  in  concentric  zones, 
or  grew  after  the  manner  of  the  cane ;  in  the  former  case,  it 
would  have  been  dicotyledonous,  or  exogenous ;  in  the  latter, 
monocotyledonous,  or  endogenous.  If  a  transverse  section 
should  show  the  remains  of  sinuous  unconnected  layers, 
resembling  arcs,  or  parts  of  a  circle,  with  their  ends  out- 
wards, of  a  solid  homogeneous  character,  and  embedded 
among  some  softer  substance,  then  it  may  be  considered 
certain  that  such  a  stem  belonged  to  some  tree-fern.  If  the 
tissue  is  altogether  cellular,  and  it  can  be  satisfactorily 
ascertained  that  no  vascular  tissue  is  combined  with  it,  the 
specimen,  in  all  probability,  belonged  to  that  division  of  the 
vegetable  kingdom,  termed  cryptogamia;  care  being  observed 
to  examine  it  rigorously,  lest  it  prove  a  succulent  portion  of 
some  dicotyledonous  tree,  in  which  the  vascular  system  is  so 
scattered  among  cellular  substance  as  to  be  scarcely  dis- 
cernible. If  the  tissue  consists  of  tubes  placed  parallel  with 
each  other,  without  any  trace  of  rays  passing  from  the  centre 
to  the  circumference,  it  is  endogenous,  even  if  there  be  an 
appearance  of  concentric  circles  in  the  wood ;  but  if  any 
trace  whatever  can  be  discovered  of  tissue  crossing  the  longi- 
tudinal tubes  at  right  angles,  from  the  centre  to  the  circum- 
ference, such  a  specimen  is  exogenous,  whether  concentric 
circles  can  be  made  out  or  not ;  for  such  an  arrangement  of 
tissue  would  indicate  the  presence  of  medullary  rays,  which 
are  the  most  certain  sign  of  a  dicotyledonous  stem.  If,  in 
a  specimen  having  these  medullary  rays,  the  longitudinal 
tubes  are  all  of  the  same  size,  a  circumstance  obvious  upon 
the  inspection  of  a  transverse  section,  the  plant  is  either 
coniferous  or  cycadeous;  but  if  among  the  smaller  tubes,  which 
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in  fact,  are  woody  fibres,  some  larger  ones  are  interspersed 
in  a  definite  manner,  in  that  case  it  belongs  to  some  other 
tribe  of  dicotyledons.  It  is  indispensable  that  the  arrange- 
ment of  the  larger  tubes  should  be  definite,  for  appearances 
of  the  same  kind  exist  in  most  coniferous  wood ;  but  in  the 
latter  they  are  scattered  in  an  indefinite  manner,  among  the 
smaller  tubes,  and  are  not  vessels,  but  cylindrical  cavities  for 
the  collection  of  the  resinous  secretions  peculiar  to  the  fir- 
tribe.  If  the  walls  of  the  longitudinal  tubes  of  any  fossil 
specimen  are  found  to  exhibit  appearances  of  little  warts, 
or  excrescences  growing  from  their  sides,  such  a  specimen 
is  to  be  referred  to  some  coniferous  or  cycadeous  plant,  as 
no  other  tribes  present  such  a  structure.  If  a  trace  of  pith 
can  be  discovered,  that  circumstance  alone  proves  the  plant 
'to  be  dicotyledonous,  because  all  other  classes  are  destitute 
of  that  central,  cellular  column;  it  being  remembered,  at  the 
same  time,  that  as  the  roots  of  dicotyledonous  plants  are 
destitute  of  pith,  the  absence  of  pith  does  not  prove  the  plant 
not  to  have  been  of  that  order,  as  the  part  examined  may 
have  been  a  portion  of  the  root. 

If  a  stem  is  in  such  a  state  that  nothing  can  be  deter- 
mined respecting  its  anatomy,  it  will  be  necessary  to  judge 
of  it  by  another  set  of  characters.  In  the  first  place,  it 
should  *be  inquired  whether  it  had  a  distinctly  separable 
bark ;  in  the  second,  if  it  had  a  cortical  integument  that 
differed,  in  its  organization,  from  the  wood,  without  being 
separable  from  it;  or,  thirdly,  if  it  possessed  neither  the 
one  nor  the  other.  In  the  first  place,  it  would  have  been 
dicotyledonous ;  in  the  second,  monocotyledonous ;  in  the 
third,  acotyledonous,  supposing  it  had  been  a  trunk  which 
many  successive  years  had  contributed  to  form.  The  dis- 
tinction, as  applied  to  the  two  latter  classes,  is  not,  how- 
ever, so  positive  as  could  be  wished,  because  tree-ferns 
have  a  cortical  integument ;  but  they  are  easily  known  by 
the  long  ragged  scars  left  by  their  leaves ;  and  no  other 
cryptogamic  plants  possess  the  character  of  having  a  spu- 
rious bark. 

A  third,  and  very  important  kind  of  evidence,  is  to  be 
collected  from  the  scars  left  upon  stems  by  the  fall  of  the 
leaves.  Although  these  will  neither  inform  us  of  the  shape 
nor  other  characters  of  the  leaves  themselves,  yet  they  indi- 
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cate  with  precision  their  position,  the  form  of  their  base, 
and  sometimes  also  their  probable  direction:  we  can  tell 
whether  they  were  opposite  or  verticillate,  alternate  or  spi- 
rally disposed,  deciduous  or  persistent,  imbricated  or  remote, 
— all  characters  of  great  use  as  means  of  discrimination,  and 
as  frequently  aifording  important  negative  evidence  on 
doubtful  points. 

Care  must  be  taken  not  to  mistake,  for  different  species, 
those  stems  which  still  retain  their  cortical  integument,  as 
distinguished  from  such  as  have  lost  it.  In  the  two  cases 
the  appearance  of  the  scars  will  be  different ;  those  of  the 
former  being  more  rounded,  broader,  and  more  deeply  fur- 
rowed than  the  latter;  for  the  one  is  a  real  scar,  showing 
the  outline  of  the  base  of  the  leaf,  while  the  latter  is  solely 
caused  by  the  passage  of  vessels  out  of  the  stem  into  the 
petiole  or  footstalk. 

In  leaves  we  can  rarely  recognise,  in  a  fossil  state,  more 
than  their  mode  of  venation,  division,  arrangement,  and  out- 
line, to  which  are  sometimes  added  their  texture  and  surface. 
All  these  are  of  importance,  but  in  unequal  degrees.  The 
distribution  of  the  veins,  taken  together  with  the  mode  of 
division  of  a  leaf,  affords  evidence  of  the  highest  value.  If 
the  veins  are  all  parallel,  unbranched,  or  only  connected  by 
little  transverse  bars,  and  the  leaves  undivided,  the  plant 
was  probably  monocotyledonous ;  and  if  the  veins  of  such  a 
leaf,  instead  of  running  side  by  side,  from  the  base  to  the 
apex,  diverge  from  the  mid-ribs,  and  lose  themselves  in  the 
margin,  forming  a  close  series  of  double  curves,  the  plant 
was  certainly  analogous  to  what  are  now  called  scitaminete, 
or  marantacece,  or  mumcece ;  but  supposing  that  the  parallel 
arrangement  of  simple  veins  is  combined  with  a  pinnated 
foliage,  then  the  plant  would  probably  have  •  belonged  to 
cycadece,  that  curious  tribe  which  stands  on  the  very  limits 
of  monocotyledonous  and  dicotyledonous,  and  of  flowering 
and  flowerless  plants. 

If  the  veins  are  all  of  equal  thickness,  and  dichotomous, 
we  have  an  indication  of  the  fern  tribe,  which  is  seldom 
deceptive.  Nevertheless,  it  must  be  remembered  that  the 
flabelliform  leaves,  both  of  monocotyledons  and  dicotyledons, 
have  occasionally  this  kind  of  venation.  Even  if  the  veins 
are  not  dichotomous,  if  they  are  all  of  nearly  equal  thick- 
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ness,  and  very  fine,  or  divided  in  a  very  simple  manner,  it  is 
probable  that  they  indicate  the  fern  tribe,  whether  simple, 
as  in  the  fossil  genus  tceniopteris,  or  reticulated,  as  in  the 
modern  genus  meniscium.  If  the  veins  are  of  unequal 
thickness,  and  so  branched  as  to  resemble  the  meshes  of 
a  net,  we  have  a  sign  of  dicotyledonous  structure  that 
seldom  misleads  us.  finally,  if  no  veins  are  to  be  found, 
an  opinion  must  be  formed,  not  from  their  absence,  but 
from  other  circumstances.  If  the  leaves  are  small,  their 
absence  may  be  due  to  incomplete  development,  but  if  they 
are  large  and  irregularly  divided,  we  may  have  an  indication 
of  some  kind  of  marine  plant.  When  the  leaves  are  small 
and  densely  imbricated,  they  are  generally  considered  to 
belong  either  to  lycopodiacece  or  conifercB ;  but  there  is  so 
little  to  distinguish  these  families  in  a  fossil  state,  that  there 
is  scarcely  any  means  of  demonstrating  to  which  of  these 
such  genera  as  lycopodites,  lycopodendron,  juniperites,  taxites, 
&c.,  and  the  like,  actually  belong. 

ARRANGEMENT  OF  FOSSIL  PLANTS. — M.  Adolphe  Brong- 
niart  has  divided  the  vegetation  of  the  ancient  earth  into 
four  periods.  The  first  commences  with  the  earliest  traces 
of  vegetable  life,  and  terminates  with  the  carboniferous 
epoch;  the  second  concludes  with  the  triasic;  the  third 
comprises  the  oolite  and  chalk ;  and  the  fourth  the  tertiary 
period.  In  his  Prodrome  d'une  Histoire  des  Vegetaux  Fossiles, 
the  following  comparative  table  of  the  extinct  and  living 
classes  of  plants  is  given : — 

First    Second   Third     Fourth      T.  . 
Period.  Period.  Period.  Period.      ^mnS' 


Cryptogamise  celluloses 

vasculosse  . 

Phanerogamic  gymnospermise 
Monocotyledoniae    . 
Dicotyledonise    . 
Indeterminate 


222 


10 


22 


18 

13 

7000 

... 

2 

1500 

31 

6 

1700 

35 

20 

150 

3 

25 

8000 

... 

100 

32000 

This  table  has  now  been  published  some  years,  during 
which  several  new  species  have  been  discovered;  but  the 
general  proportions  remain  much  the  same. 

REMARKS  OF  COUNT  STERNBERG. — These  four  periods 
Count  Sternberg  reduces  to  three,  by  uniting  the  second  and 
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third  into  one,  and  calls  the  first  that  of  islands,  the  second 
of  coasts,  and  the  third  of  continents. 

The  flora  of  the  first  era,  terminating  with  the  coal,  was 
simple,  but  magnificent,  and  extremely  elegant  in  its  forms, 
consisting  of  plants  which  either  have  no  existing  analogues 
in  the  present  creation,  or  such  as  are  now  limited  to  the 
torrid  zone.  The  accompanying  illustration  depicts  the  cha- 
racter of  these  plants  (fig.  109).  That  of  the  second  presents 
few  analogies  of  genera,  and  probably  none  of  species,  with 
those  of  the  period  preceding ;  and  thus  the  first  flora,  which 
was  universally  diffused  over  the  whole  earth,  was  strongly 
distinguished  (scharf  abgeschnitteri)  from  the  second.  The 
annexed  engraving  portrays  the  flora  of  the  triasic,  oolitic, 
and  wealden  groups.  (Fig.  110.) 


a  Arborescent  fern. 

Z>  Pecopteris. 

c  Asterophyllites. 


Vegetation  of  the  coal. 

d  Neuropteris. 
e  Lepidodendron. 
/  Calamites. 

Fro.  109. 


Arancaria. 
Casuerina. 


The  second  passed  imperceptibly  into  the  third,  which  com- 
prises the  tertiary  formations,  and  is  only  distinguished 
by  the  change  in  the  relative  numbers  of  acotyledonous 
and  monocotyledonous,  as  compared  with  dicotyledonous 
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plants,  as  well  as  by  the  more  European  character  of  its 
vegetation. 

OF  DE.  LINDLEY. — The  observations  of  Dr.  Lindley  on 
the  periods  of  Brongniart,  are  in  substance  these  : — 

In  the  first,  comprising  the  coal  formation,  the  flora  of 
that  era  consisted  of  ferns  in  vast  abundance  ;  of  large  coni- 


Veyetation  of  the  oolitic  period, 

a  Arborescent  fern,  peculiar  species.       *  •  c  Pandanns. 

b  Cycas  and  zamia.  d  Palmi. 

Fia.  110. 

ferous  trees ;  of  species  resembling  tycopodiacea,  but  of  most 
gigantic  dimensions ;  of  vast  quantities  of  a  tribe  apparently 
analogous  to  cactete,  or  euphorbiacecB,  but  perhaps  not  iden- 
tical with  them  ;  of  palms  and  other  monocotyledons  ;  and, 
finally,  of  numerous  plants,  the  exact  nature  of  which  is 
extremely  doubtful.  Of  the  entire  number  of  species  detected 
in  this  formation,  two-thirds  are  ferns. 

In  the  trias,  the  characters  of  vegetation  are  altered  by 
the  disappearance  of  the  cactete,  or  eupkorbiacece,  by  a  dimi- 
nution of  the  proportion  of  ferns,  and  by  the  appearance  of  a 
few  new  tribes ;  but  so  little  is  known  of  the  flora  of  this 
period,  that  it  is  scarcely  worth  noticing  as  a  distinct  epoch, 
but  might  more  appropriately  be  classed  with  the  period 
succeeding. 
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In  the  lias  and  oolites,  an  entirely  new  race  of  plants 
covered  the  earth.  The  proportional  number  of  ferns  is  here 
diminished :  the  gigantic  lycopodium-like,  and  cactoid  plants 
of  the  coal  measures,  the  catamites  and  palms,  all  disappear ; 
but  species,  undoubtedly  belonging  to  cycadecB,  and  analogous 
to  plants  now  natives  of  the  Cape  of  Good  Hope  and  New 
Holland,  appear  to  have  been  common.  Coniferous  plants 
were  still  prevalent,  but  they  were  of  species  which  did  not 
exist  at  an  earlier  period. 

Tip  to  this  time,  the  features  of  vegetation  were  extra- 
European,  and  chiefly  tropical,  but  immediately  succeeding 
the  chalk,  a  change  analogous  to  that  observable  in  the 
animal  kingdom  took  place.  The  eocene  group  is  charac- 
terised by  a  total  absence  of  cycadece :  the  number  of  ferns 
is  strikingly  diminished,  and  conifercB  increase  in  quantity ; 
while  mixed  with  palms  and  other  tropical  monocotyledons, 
there  grew  elms,  willows,  poplars,  chesnuts,  and  sycamores, 
together  with  numerous  other  dicotyledonous  plants,  which 
increased  in  number  and  variety,  till  the  flora  of  the  more 
recent  tertiary  beds  has  little  to  distinguish  it  from  that  of 
the  present  day. 

EXPERIMENT  or  DR.  LINDLEY. — The  great  preponderance 
of  ferns,  and  the  other  higher  forms  of  cryptogamic  plants, 
in  the  flora  of  the  ancient  earth,  having  excited  the  attention 
of  naturalists,  and  it  being  conjectured  that  the  absence  of 
certain  genera,  and  the  presence  of  others,  might  be  accounted 
for  by  a  difference  in  the  capability  of  one  plant  beyond 
another  of  resisting  the  action  of  water,  Dr.  Lindley  resolved 
on  trying  the  following  experiment.  On  the  21st  of  March, 
1833,  he  filled  a  large  iron  tank  with  water,  and  immersed  in 
it  177  specimens  of  various  plants,  belonging  to  the  more 
remarkable  natural  orders ;  taking  care  to  include  represen- 
tatives of  those  which  are  either  constantly  present  in  the 
coal-measures,  or  as  universally  absent.  The  vessel  was 
placed  in  the  open  air,  and  left  uncovered  and  untouched, 
with  the  exception  of  filling  up  the  water  as  it  evaporated, 
till  the  22nd  April,  1835,  when  the  following  results  were 
obtained. 

In  the  first  place,  it  was  found  that  the  dicotyledonous 
plants,  in  general,  had  wholly  disappeared,  whence  it  was 
inferred,  that  they  were  unable  to  remain  for  two  years  in 


OBJECTIONS    OF    COUNT    STEKNBEBG.  175 

water  without  being  totally  decomposed  ;  the  principal 
part  of  those  which  remained  belonged  to  the  coniferce  and 
cycadece,  the  families,  in  fact,  which  we  find  best  preserved 
in  a  fossil  state.  Secondly,  the  monocotyledons  survived  to 
a  considerable  extent,  whence  it  was  concluded  that  they  are 
more  capable  of  resisting  the  action  of  water,  in  particular, 
palms  and  scitamineous  plants,  families  which  are  likewise 
found  fossil.  Grasses  and  sedges  had  perished ;  whence  it 
was  inferred  that  we  have  no  right  to  assume  that  the  earth 
was  not  originally  clothed  with  these,  because  we  no  longer 
find  their  remains.  Thirdly,  fungi  and  mosses,  and  all  the 
lowest  forms  of  vegetation  had  disappeared ;  even  equisetum 
had  left  no  traces  behind ;  ferns  appeared  to  have  the  power 
of  resisting  water  if  gathered  in  a  green  state,  not  one  of 
them  having  disappeared  during  the  experiment ;  but  im- 
mersion had  caused  their  organs  of  fructification  to  rot 
away;  a  result  which  we  constantly  observe  in  the  fossil 
specimens. 

Hence,  it  is  assumed,  as  a  general  result,  that  the  numeri- 
cal proportion  of  different  families  of  plants,  found  in  a  fossil 
state,  throws  but  little  light  upon  the  ancient  climate  of  the 
earth  ;  but  depends  in  some  measure  upon  the  power  which 
certain  families  possess,  by  virtue  of  their  organisation,  of 
resisting  the  action  of  the  water  in  which  they  floated,  pre- 
viously to  their  being  finally  embedded  in  the  rocks  in  which 
they  are  found. 

In  addition  to  these  statements,  it  may  be  remarked,  that 
as  the  circumstances  under  which  the  plants  of  the  coal  were 
entombed,  were  analogous  to  those  which  attended  the  sub- 
mergence of  the  flora  of  the  tertiary  period,  wTe  should  expect 
to  find  that,  if  dicotyledonous  plants  had  existed  in  any  con- 
siderable numbers  during  the  carboniferous  epoch,  they  would 
have  left  their  impression  on  the  shales,  in  the  same  manner 
as  the  tertiary  plants  have  left  their  imprints  on  the  deposits 
of  that  period. 

On  the  other  hand,  if  we  consider  the  sigillarice  to  belong 
to  the  dicotyledonous  class,  we  shall  have  a  much  larger  nu- 
merical proportion  of  plants  of  this  order  than  was  supposed 
to  have  existed  at  this  epoch. 

OBJECTIONS  or  COUNT  STEKNBERG. — The  whole  subject, 
however,  is  replete  with  diificulties,  which  the  present  sta-te 
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of  our  knowledge  by  no  means  enables  us  to  explain. 
Count  Sternber  ff  *<-  ggests  the  following  contradictions  and 
anomalies  as  arising  out  of  the  experiment  just  described. 
He  fully  admits  the  antiseptic  quality  of  ferns,  which,  he 
remarks,  had  previously  been  demonstrated  in  the  shipwreck 
of  the  late  M.  Dumont  d'Urville,  in  which  his  plants  having 
been  submerged,  and  afterwards  recovered,  the  grasses  and 
ferns  were  saved,  while  the  dicotyledonous  plants  were  lost. 
He  next  observes,  that  it  would  seem  that  the  equisetacece 
were  all  destroyed ;  yet  this  family  is  well  preserved  in  the 
period  extending  from  the  carboniferous  to  the  chalk  groups ; 
while,  on  the  other  hand,  the  ferns  of  the  tertiary  flora  must 
have  perished,  since  we  are  only  acquainted  with  a  few  species 
from  the  brown  coal,  which  cannot  be  supposed  to  represent 
all  the  ferns  that  lived  in  the  tertiary  period,  seeing  that 
they  constitute  the  majority  of  the  plants  from  the  coal  to 
the  chalk,  and  are  also  abundant  in  the  present  creation.  In 
conclusion,  he  suggests  the  probability,  that  the  experiment 
having  been  made  with  pure  water,  may  not  have  produced 
the  same  chemical  effects  on  the  plants,  as  was  the  case  with 
those  of  the  coal,  which  were  immersed  in  water  so  impure 
and  admixed  with  sediment,  as  to  have  deposited  the  clay- 
slate  in  which  they  are  preserved.* 

CLASSIFICATION  OF  PLANTS. — We  now  proceed  to  describe 
the  arrangement  of  the  vegetable  kingdom  in  detail,  and 
shall  offer  a  brief  description  of  those  fossil  plants  which  are 
of  most  frequent  occurrence,  in  treating  of  the  classes  to 
which  they  belong. 

The  vegetable  kingdom  is  divided  by  M.  Adolphe  Brong- 
niart  into  six  classes. 

1.  The  agamise. 

2.  The  cellular  cryptogamiae. 

3.  The  vascular  cryptogamiae. 

4.  The  gymnosperm  phanerogamic. 

5.  The  monocotyledonous  phanerogamic. 

6.  The  dicotyledonous  phanerogamic. 

The  following  are  the  observations  of  M.  Brongniart, 
explanatory  of  the  above  arrangement : — 

"  The  first  class  is  that  of  the  agamies,  a  term  which,  how- 

*  See  Flora  der  Vorwelt,  p.  83. 
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ever,  we  may  consider  as  possibly  expressing  only  our  igno- 
rance. This  class  comprises  the  different  families  confounded 
under  the  names  of  algce,  fungi,  and  lichens.  The  characters 
common  to  all  these  vegetables  are  as  follows:  they  are 
entirely  formed  of  cellular  tissue,  or  rather  of  interlacing 
tubular  filaments,  without  vessels  properly  so  called ;  they 
never  present  true  leaves,  and  their  organs  of  reproduction 
consist  only  of  very  fine  seedlings,  which  appear  to  develope 
themselves  without  fecundation,  and  are  immediately  inclosed 
in  membranous  conceptacles  analogous  to  the  filaments  of 
that  tissue  which  composes  the  whole  of  the  plant.  The 
only  fossil  plants  of  this  class  known  are  some  confervce,  with 
several  algcs. 

"  The  second  class,  that  of  the  cellular  cryptogamice,  com- 
prises the  two  families  of  hepaticce,  or  liverworts,  and  musci, 
or  mosses ;  their  organs  of  vegetation,  although  solely  com- 
posed of  cellular  tissue,  offer,  in  most  cases,  leaves  well 
characterised  by  their  form,  their  structure,  and  by  the  fact 
that  they  are  similar  to  those  of  the  most  perfect  vegetables. 
Their  organs  of  reproduction  present  a  more  complicated 
structure  ;  there  are  sexual  organs  very  distinct,  which  have 
been  perfectly  described  by  Hedwig  ;  the  seedlings  are  con- 
tained in  conceptacles  of  very  complex  organisation.  One 
fossil  plant  only  is  known  as  appertaining  to  this  class. 

"  The  third  class,  that  of  the  vascular  cryptogamicB,  includes 
those  vegetables,  the  more  varied  tissues  of  which  almost 
always  include  perfectly  distinct  vessels,  and  very  frequently 
spiral  vessels  or  imperfect  spiral  vessels,  while  the  leaves  are 
in  -general  very  fully  developed,  and  furnished  with  cortical 
pores ;  the  stems,  which  are  often  large  and  arborescent,  have 
some  analogy  with  those  of  monocotyledons  ;  and  finally,  the 
organs  of  reproduction  always  appear  to  consist  of  two  dis- 
tinct sexes,  which  produce  seedlings  inclosed  in  conceptacles 
of  a  somewhat  complicated  organisation.  To  this  class  belong 
the  equisetacea,  the  ferns,  the  lycopodiacece,  the  marsiliace<E, 
and  the  characece. 

"  In  the  fourth  class,  under  the  name  oi  phanerogamic 
gymnosperms,  we  unite  the  two  remarkable  families  of  cycadecs 
and  conifer  CB,  which  really  cannot  be  confounded  by  associat- 
ing them  in  either  of  the  other  classes  with  vegetables,  from 
which  they  are  so  distinct  by  the  structure  of  their  organs  of 
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reproduction,  since  their  seeds,  being  destitute  of  capsules, 
receive  directly  the  action  of  the  fecundating  substance  ; 
and  from  which  they  are  also  distinguished  by  the  organisa- 
tion of  their  stems,  which  differ  in  many  respects  from  those 
of  true  dicotyledons. 

"  Finally,  the  fifth  and  six  classes  are  formed  of  phanero- 
gamic monocotyledons  and  dicotyledons,  as  they  are  defined  by 
all  botanists,  omitting  only  the  two  families  composing  the 
preceding  class. 

"  If,  on  the  one  hand,  the  above  arrangement  presents 
but  little  uniformity  in  the  relative  extent  of  the  six  grand 
primary  divisions  here  described,  three  of  them,  the  agamies, 
the  monocotyledons,  and  dicotyledons,  comprising  a  consider- 
able number  of  families,  genera,  and  species,  while  the 
remainder,  in  particular  the  fourth,  include  only  a  very 
limited  number  ;  on  the  other  hand,  we  preserve  a  far  more 
essential  uniformity  in  the  importance  of  the  characters  ; 
the  groups  which  we  obtain  are,  moreover,  perfectly  natural, 
and  we  do  not  meet  with  those  contradictory  disparities 
which  it  is  impossible  to  avoid  in  dividing  the  vegetable 
kingdom  only  into  three  grand  classes." 

We  subjoin  a  tabular  arrangement  of  the  various  families 
which  compose  the  classes  above  mentioned. 


CLASS  L—  AGAMIC. 


1st  Family.  — 
2nd  Family.  — 


CLASS  II.— CELLULAE  CETPTOGAMI^E. 

3rd  Family. — MOSSES  AND  LIYEEWOETS. 

CLASS  III.— YASCULAE  CEYPTOGAMLE. 

4th  Family. — EQTJISETACE^!,  the  horse-tail  tribe. 

5th  Family. — FEENS. 

6th  Family. — MAESILIACE^,  the  pepperwort  tribe. 

7th  Family. — CHAEACE^I,  the  chara  tribe. 

8th  Family. — LYCOPODIACE.E,  the  club  mosses. 


AGAMIC.  179 


CLASS  IV.— PHANEEOaAMIC  GYMNOSPEEMS. 

9th  Family. — CYCADE^J. 
10th  Family. — CONIFEKJG,  the  fir  tribes. 


CLASS  V.— MONOCOTYLEDONOUS  PHANEEO- 
G-AML2E. 

llth  Family. — NAIADES. 

12th  Family.— PALMS. 

13th  Family. — LILIACEJE,  the  lily  tribe. 

14th  Family. — 


CLASS  YI.— DICOTYLEDONOUS  PHANEEO- 
GAML3E. 

15th  Family. — AME^TACE^;,  the  birch  tribe. 
IGth  Family. — JUGLAJTDE^,  the  walnut  tribe. 
17th  Family. — ACERIKEJE,  the  sycamore  tribe. 
18th  Family. — NYMPHEACE^E,  the  water-lily  tribe. 


CLASS  I.— AGAMIJ2. 

The  first  class,  that  of  agamice,  so  called  from  a  privative, 
and  yapos,  marriage,  because 
no  organs  have  been  disco- 
vered which  distinguish  them 
as  male  and  female  flowers, 
comprises  the  first  family, 
that  of  the  confervas,  and  the 
second  that  of  the  algtf,  or 
sea-weeds,  some  few  of  each 
being  found  in  a  fossil  state. 
"We  subjoin  from  Brongniart 
a  figure  of  fucoides  targionii 
discovered  by  Dr.  Mantell  in 
the  glauconite,  or  fire-stone 
of  the  chalk  formation. 

N   2 


180  THE   FOSSIL   FERNS. 


CLASS  II.— CELLULAE  CBYPTOGAMUE. 

The  second  class,  that  of  the  cellular  cryptogamice,  includes 
the  third  family,  that  of  the  liverworts  and  mosses. 

CLASS  III.— VASCULAK  CEYPTOaAMLE. 

The  third  class,  that  of  the  higher  order  of  cryptogamous 
plants,  entitled  vascular  cryptogamics,  constitutes  the  bulk  of 
the  plants  of  the  coal,  and  comprises  the  extensive  tribes  of 
equisetacea,  or  horse-tail  family ;  the  ferns  ;  the  marsiliacece, 
or  pepperwort  family ;  the  characece,  or  chara  family ;  and 
the  lycopodiacece,  or  the  club  mosses.  But,  though  resembling 
the  recent  tribes  above  mentioned,  the  fossil  plants  far  sur- 
pass them  in  size.  Thus  the  equisetum,  or  horse-tail,  is  a 
small,  slender,  elegant  plant  of  our  ponds  and  ditches,  not 
more  than  half  an  inch  in  diameter,  having  an  erect,  suc- 
culent, jointed  stem,  with  verticillate  fringes  of  linear  leaves 
growing  round  the  joints,  and  bearing  spikes  of  fructification 
on  the  summit.  Plants  of  this  family  are  abundant  in  the 
coal ;  but  they  are,  comparatively,  of  gigantic  species,  exceed- 
ing a  foot  in  circumference. 

4th  Family. — EQTJISETACE^E. 

We  subjoin  a  figure  (112)  of  the  existing  equisetum,  for 
.    the  purpose  of  comparing  it  with  that  of 
the  fossil  equisetum  columnare,  from  Brong- 
niart,  and  of  calamites  cannaformis,  from 
Lindley  and  Hutton.  (Figs.  113,  114.) 


5th  Family. — FERNS. 

"We  next  arrive  at  the  ferns,  which  form 
so  large  a  proportion  of  plants  of  the  coal, 
and  which,  in  their  size  and  proportions, 
present  so  striking  a  contrast  to  the  dimi- 
FIG.  112.  nutive  genera  of  this  region  at  the  present 

day.  The  common  brake,  or  fern,  exhibits 
a  type  of  the  family ;  but  the  arborescent  ferns  which  now 
grow  only  in  the  vicinity  of  the  equator,  present  the  closest 
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analogy  to  the  ferns  of  the  carboniferous  period,  which  were 
lofty  trees,  far  surpassing  in  height  and  magnificence  even 
their  tropical  congeners  of  the  present  day.  A  splendid 
specimen  of  alsophila  brunoniana,  placed  on  the  staircase  of 
the  British  Museum,  affords  an  idea  of  the  arborescent 
ferns  of  the  tropics,  which  attain  the  height  of  forty  or  fifty 


FIG.  113. 
Equisetum  columnare.    Br.  PL  120. 


FIG.  114. 
Calamites  cannaeformis.    Schlot. 


feet,  their  stems  being  marked  with  scars  from  the  decay  of 
the  leaf-stalks,  and  their  summits  crowned  with  a  spreading 
dome  of  graceful  foliage.  The  scars  resemble  those  of  other 
monocotyledonous  plants,  especially  the  palms,  but  differ  in 
the  circumstance  that  in  the  ferns  they  are  commonly  lon- 
gitudinal, while  in  the  palms  they  are  transverse.  From 
their  number  and  variety,  they  afford  some  of  the  most  in- 
teresting fossil  remains  which  the  vegetable  kingdom  has 
produced.  Their  leaves  are  elegant,  and  display  great  variety 
of  form  and  diversity  of  venation  :  from  these  characters  the 
generic  and  specific  distinctions  of  the  family  are  obtained. 
They  are  often  preserved  in  great  perfection,  and  even  the 
organs  of  fructification  are  occasionally  observable  at  the 
back  of  the  leaf. 

The  fossil  ferns  are  divided  into  the  following  genera, 
determined  by  the  character  of  their  fronds : — pachypteris, 
sphenopteris ,  cyclopteris,glossopteris,  neuropteris,  odontopteris, 
anomopteris,  tceniopteris,pecopteris,  lonchopteris,  clathropteris, 
schizopteris,  otopteris,  caulopteris,  and  sigillaria,  fyc. ;  the  two 
latter  occurring  only  as  stems ;  the  last  being  considered  by 
some  recent  inquirers  as  a  dicotyledonous  plant. 
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FIG.  115. 


We  shall  now  give  a  brief  description  of  the  most  common 
genera,  with  the  figure  of  a  typical  species.* 

PachypteriSj  from  TTO^VJ,  thick,  and  irrepis,  a  fern. 

Leaves  pinnated,  or  bipinnated,  leaflets 
entire,  coriaceous,  ribless,  or  one-ribbed, 
contracted  at  the  base,  but  not  adherent 
to  the  mid-rib. 

Two  species  only  have  been  discovered ; 
in  the  oolite  formation. 

The  accompanying  is  a  figure  (115)  of 
P.  lanceolata^  from  Brongniart,  PL  45. 

SpJienopteris^  from  O-^T/J/,  a  wedge,  and 
TTTfpiS)  a  fern. 

Leaves    bitripinnatifid  ;     leaflets    con- 
tracted  at  the  base,  not  adherent  to  the 
rachis.     Lobed;    the  lower  lobes  largest, 
diverging,  somewhat  palmate  ;  veins  bipinnate,  radiating,  as 

it  were,  from  the  base. 

We  give,  as  an  example, 
the  S.  crenata  (fig.  116),  from 
Lindley  and  Hutton,  PI.  39. 
The  species  amount  to  about 
thirty-six. 

Cyclopteris^  from  KVK\OS,  a 
circle,  and  -rrrepis,  a  fern. 

Leaves  simple,  entire,  and 
somewhat  orbicular  ;  veins 
numerous,  radiating  from  the 
base,  dichotomous,  equal ; 
mid-rib  wanting. 

One  species  in  the  tran- 
sition rocks. 

Pour  species  in  the  coal. 
One  species  in  the  oolites. 


FIG.  116. 


*  Pictorial  Atlas  of  Organic  Remains  :  H.  G.  Bohn. — This  splendid  volume 
contains  seventy-four  beautiful  illuminated  plates,  containing  nearly  nine 
hundred  figures,  selected  from  Parkinson's  Organic  Remains  and  Artis'  Ante- 
diluvian Phytology,  with  descriptions  by  Dr.  Mantell.  As  this  Atlas  will  prove 
eminently  useful  to  the  student,  we  shall  make  constant  reference  to  the  plates 
io  the  following  pages. — Pict.  Atlas,  pi.  iv.,  figs.  1 — 7. 

•  t  Pict.  Atlas,  pi.  iv.,  figs.  3,  4  ;  pi.  v.,  fig.  2. 

±  PI.  v.,  fig.  5 ;  pi.  xxix. 
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We  add  a  figure  of  C.  Beanii  (fig.  117),  from  Lindley  and 
Button,  PL  44. 


Fia.  117. 

Glossopteris,  from  yXcoo-o-a,  a  tongue,  and  irrepis,  a  fern. 

Leaves  simple,  entire,  somewhat  lanceolate,  narrowing 
gradually  to  the  base,  with  a  thick  vanishing  mid-rib  ;  veins 
oblique,  curved,  equal,  frequently  dichotomous,  or  sometimes 
anastomising,  and  reticulated  at  the  base. 

Two  species  in  the  coal. 

One  species  in  the  lias. 

One  species  in  the  oolite. 

The  subjoined  illustration  depicts  G.  PJiillipsii  (fig.  118), 
from  Lindley  and  Hutton,  PL  63. 


FIG.  118. 

Neuropteris,  from  vevpov,  a  nerve,  and  Trrepis,  a  fern. 
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Leaves  bipinnate,  or  rarely  pinnate ;  leaflets,  usually, 
somewhat  cordate  at  the  base,  neither  adhering  to  each 
other*  nor  to  the  rachis  by  their  whole  base,  only  by  the 
middle  portion  of  it ;  mid-rib  vanishing  at  the  apex ;  veins 
oblique,  curved,  very  fine,  dichotomous.  Fructification ;  sori 
lanceolate,  even,  covered  with  an  indusium,  arising  from  the 
veins  of  the  apex  of  the  leaflets,  and  often  placed  in  the 
bifurcations. 

Twenty-four  species  in  the  coal  formation.* 

Three  species  in  the  new  red  sandstone. 

One  species  in  the  anthracite  of  Savoy. 

One  species  in  the  muschelkalk. 

"We  subjoin  a  figure  of  N".  Loshii  (fig.  119),  with  a  magnified 
leaflet,  from  Lindley  and  Hutton,  PL  49. 


\ 


FIG.  119. 


FIG.  120. 


Odontopteris,  from  oSovs,  a  tooth,  and  Trrcpis,  a  fern. 

Leaves  bipinnated;  leaflets  membranous,  very  thin, 
adhering  by  all  their  base  to  the  rachis  ;  mid-rib  absent  or 
rudimentary ;  veins  equal,  simple,  or  forked,  very  fine,  most  of 
them  springing  from  the  rachis. 

Five  species  in  the  coal  formation. 

"We  insert  above  a  figure  of  0.  minor  (fig.  120),  from 
Brongniart,  PI.  77. 

*  Pict.  Atlas,  pi.  xxviii. 
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Anomopteris,  from   a  privative,  vop.os,  a  law,  and 
a  fern. 

Leaves  pinnated  ;  leaflets  linear,  entire,  somewhat  plaited 
transversely  at  the  veins,  having  a  mid-rib ;  veins  simple, 
perpendicular,  curved.  Fructification  arising  from  the  veins, 
uncertain  as  to  form ;  perhaps  dot-like,  and  inserted  in  the 
middle  of  the  veins ;  or  perhaps  linear,  attached  to  the 
whole  of  a  vein,  naked  as  in  meniscia,  or  covered  by  an 
indusium,  opening  inwardly. 

One  species  in  the  new  red  sandstone. 

TcBfyiopteris,  from  rcuwa,  a  fillet,  or  wreath,  and  nrfpis,  a  fern. 

Leaves  simple,  entire,  with  a  stiff,  thick  mid-rib ;  veins 
perpendicular,  simple,  or  forked,  at  the  base.  Fructification 
dot-like. 

Three  species  in  the  lias  and  oolite  formations. 

We  add  a  figure  of  T.  vittata  (fig.  121),  together  with  a 
magnified  leaflet,  from  Lindley  and  Hutton,  PL  62. 


FIG.  121. 


FIG.  122. 


Pecopteris*  from  a  word  unknown  to  the  author,  and 
cs,  a  fern. 


*   Pict.  Atlas,  pi.  iv.,  fig.  7  ;  pi.  v.,  figs.  6,  9  ;  plates  xxx.,  xxxi.,  xxxii. 
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Leaf  once,  twice,  or  thrice,  pinnate.;  leaflets  adhering  by 
their  base  to  the  rachis,  or  occasionally  distinct;  mid-rib 
running  quite  through  the  leaflet ;  veins  almost  perpendicular 
to  the  mid-rib,  simple,  or  once  or  twice  dichotomous. 

Sixty  species  in  the  coal  formation.* 

Two  species  in  the  lias. 

Ten  species  in  the  oolites. 

One  species  in  the  beds  above  the  chalk. 

The  accompanying  figure  is  that  of  P.  adiantoides  (fig. 
122),  with  magnified  leaflet;  from  Lindley  and  Hutton,  PL  37. 

LoncJiopteris,  from  Ao-y^o?,  a  spear,  and  nrepis,  a  fern. 

Leaf  many  times  pinnatifid ;  leaflets  more  or  less  connate 
at  the  base,  having  a  mid-rib ;  veins  reticulated. 

Two  species  in  the  coal  formation. 


One  species  in  the  green  sand  formation. 
One  species  in  the  Wealden.     L.  Mantelli  (fig.  123). 
Clathropteris,  from  xKetdpov,  a  lattice,  and  Trrepis,  a  fern. 
Leaf  deeply  pinnatifid ;  leaflets  having  a  very  strong  com- 
plete mid-rib ;  veins  numerous  and  simple,  parallel,  almost 

*  See  many  plates  in  the  Pict.  Atlas. 

+  Fig.  1,  a  portion  of  three  leaflets  magnified  ;  fig.  2,  part  of  a  stem,  with 
leaves. 
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perpendicular  to  the  mid-rib,  united  by  transverse  veins, 
which  form  a  net-work  of  square  meshes  upon  the  leaf. 

One  species  in  the  lias. 

Schizopteris,  from  o-x<-Ca>  &  fissure,  or  division,  and  rrrepis,  a 
fern. 

Leaf  linear,  plain,  without  mid-rib,  finely  striated,  almost 
flabelliform,  dividing  into  several  lobes,  which  are  linear  and 
dichotomous,  or  rather  irregularly  pinnated  and  erect,  lobes 
dilated  and  rounded  towards  the  extremity. 

One  species  in  the  coal  formation. 

Otopteris,  from  ovy,  an  ear,  and 
Trrepis,  a  fern. 

Leaf  pinnated ;  leaflets  originating 
obliquely  from  the  side  of  the  leaf- 
stalk, auricled,  attached  by  about  half 
their  base,  destitute  of  all  trace  of 
mid-rib.  Veins  of  equal  size,  very 
closely  arranged,  diverging  from  their 
point  of  origin,  and  dividing  dichoto- 
mously  at  an  exceedingly  acute  angle. 

"We  annex  a  figure  of  0.  acumi- 
nata  (fig.  124),  from  Lindley  and 
Htitton,  PI.  132. 

Caulopteris,  from  KauAos,  a  stem, 
and  TTTfpis,  a  fern. 

This  is  a  term  formed  to  describe 
those  stems  which,  from  their  mart- 
ings,  are  considered  by  Dr.  Lindley 
to  be  true  stems  of  ferns;  those 
figured  or  described  as  being  so  by  Sternberg,"  Brongniart, 
and  others,  under  the  name  of  sigillaria,  favularia,  &c.,  not 
being  now  regarded  as  such. 

6th  Family. — MAESILIACE^;,  OR  PEPPEEWOET  TEIBE. 

This  family  comprises  the  doubtful  genus.  SpJienopliyl- 
lum*  rotularia,  of  Sternberg. — Branched,  deeply  furrowed ; 
leaves  verticillate,  wedge-shaped,  with  dichotomous  veins 

Eight  species  in  the  coal  formations. 


FIG.  124 


*  Pict.  Atlas,  pi.  v.,  fig.  7. 
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7th  Family.  — CHAEACE^,  OB  CHAEA  FAMILY. 

Char  a,  gyrogonites,  of  Lamarck. — Fruit  oval,  or  spheroi- 
dal ;  consisting  of  five  valves,  twisted  spirally,  a  small  open- 
ing at  each  extremity;  stems  friable,  jointed,  composed  of 
straight  tubes,  arranged  in  a  cylinder. 

Five  species  in  the  tertiary  formations.* 


FlG.  125. — FOSSIL   SEED-VESSELS   OF   CHAR.fi. 

(Sir  C.  Lyell.) 

Fig.  1. — Chara  medicaginula  ;  a  section  showing  the  nut  within  the  pericarp 
2. — Chara  tuber culata  ;  the  pericarp. 
3. — Portion  of  a  spiral  valve,  magnified. 
4  aud  5. — The  natural  size  of  figs.  1  and  2. 

8th  Family. — LYCOPODIACEJE,  OE  CLUB-MOSSES. 

Lycopoditesfi  lycopodiolithus,  and  walchia,  of  Sternberg. — 
Branches  pinnated ;  leaves  inserted  all  round  the  stem  in 
two  opposite  rows,  not  leaving  clean  and  well-defined  scars. 

Ten  species  in  the  coal  formation. 

One  species  in  the  sandstone  of  the  lias. 

One  species  in  the  inferior  oolite. 

One  species  in  the  marl  below  the  chalk. 

The  accompanying  figure  (126)  delineates  L.  Williamsonis, 
together  with  a  cone  and  magnified  leaflet,  of  Lindley  and 
Hutton,  PL  93. 

Selaginites. — Stems  dichotomous,  not  presenting  regular 
elevations  at  the  base  of  the  leaves,  even  near  the  lower  end 
of  the  stems.  Leaves  often  persistent,  enlarged  at  their  base. 

Two  species  in  the  coal  formation. 

Lepidodendron,  from  XCTTIS,  a  scale,  and  8ev8pov,  a  tree, 
sagenaria,  of  Sternberg. — Stems  dichotomous,  covered  near 
their  extremities  by  simple  linear  or  lanceolate  leaves,  in- 

*  Pict.  Atlas,  pi.  Ixii.,  figs.  23, 24.         f  Pict.  Atlas,  pi.  vi.,  figs.  27  to  29. 
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serted  upon  rliomboidal  areolse ;  lower  part  of  the  stems 
leafless ;  areolae  longer  than  broad,  marked  near  their  upper 
part  by  a  minute  scar,  which  is  broader  than  long,  and  has 
three  angles,  of  which  the  two  latter  are  acute,  the  lower 
obtuse,  the  latter  sometimes  wanting. 

Several  species  in  the  coal  formation.* 

Iflodendron. — Stem  covered  with  rhomboid  alareolse,  which 
are  broader  than  long  ;  scars  large,  few,  placed  one  above  the 
other,  circular,  composed  of  broad  cuneate  scales,  radiating 
from  a  common  centre,  and  indicating  the  former  presence  of 
organs,  that  were,  perhaps,  analogous  to  the  cones  of  conifer ce. 

Two  species  in  the  coal  measures. 

Lepidophyllum. — This  term  signifies  leaves,  which  it  is 
conjectured  may  have  belonged  to  lepidodendron ;  they  are 

Cone. 


Magnified  leaflet. 


FIG.  126. 


FIG.  127. 


sessile,  simple,  entire,  lanceolate,  or  linear,  traversed  by  a 
single  mid-rib,  or  by  three  parallel  ribs.     No  veins. 

Lepidostrobus.—Thia  name  indicates  cones  ovate,  or  cylin- 
drical, composed  of  imbricated  scales,  inserted  by  a  narrow 
base  around  a  woody  axis ;  their  points  sometimes  dilated 
and  reversed  in  the  form  of  rhomboidal  disks.  Seed  solitary, 
oblong,  and  winged,  nearly  as  long  as  the  scales. 

*  Pict.  Atlas,  pi.  iii.,  fig.  4  ;  pi.  xxvi.,  page  199. 
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!Five  species  in  the  coal  formation;. 

We  insert  a  figure  of  L.  ornatus  (fig.  127). 

These  cones  are  supposed  to  have  belonged  to  lepidoden- 
dron :  but  Mr.  Hawkshaw  found  beneath  each  of  the  mag- 
nificent, erect  fossil  trees  discovered  by  him  on  the  Bolton 
and  Manchester  Kailway,  a  number  of  cones  lying  in  such 
a  position  as  indicated  their  having  fallen  from  the  tree. 
Corda  declares  them  to  be  the  male  flowers  of  coniferce.  The 
trees  were  pronounced  by  the  late  Mr.  Bowman  to  be  sigil- 
laricB. 

Professor  Corda,  in  a  Supplement  to  his  Sketches  of  the 
Anatomy  of  Stems,  has  some  further  observations  on  the 
lepidostrobi.  He  considers  them  as  divisible  into  three 
forms ;  the  first  comprising  L.  pinaster,  Foss.  Flo.  fig.  198  : 
and  L.  ornatus  vm-didymus,  Foss.  Flo.  fig.  163.  These 
he  regards  as  fragments  of  stems,  referring  L.  pinaster  to 
Presl's  genus  of  lycopodites,  Bergera  pinaster,  and  L.  ornatus 
to  Cycadites  ornatus.  The  second  form  includes  L.  orna- 
tus, Foss.  Flo.  fig.  26,  which  he  considers  as  a  fruit  of  yet 
unknown  and  problematical  kind ;  while  the  third  comprises 
true  lepidostrobi,  viz.  L.  variabilis,  Foss.  Flo.  fig.  10,  L.  como- 
sus,  Foss.  Flo.  fig.  162,  and  the  specimens  figured  by  Brong- 
niart,  vol.  ii.  fig.  22  and  23.  He  adds,  that  these  last  will 
require  more  investigation  than  the  two  preceding  forms,  and 
that  to  ascertain  their  structure  and  assign  their  due  cha- 
racter and  position,  it  will  be  advisable,  at  the  same  time, 
to  take  up  the  investigation  of  the  fruit  of  lycopodiacece, 
with  which  they  are  compared  by  Brongniart;  then  to 
determine  their  peculiar  structure,  and  to  compare  it  with 
those  groups  and  families  to  which  they  are  referred  above. 

Cardiocarpon,  from  Kapfttov,  the  heart,  and  Kap-rros,  fruit. 

These  are  heart-shaped  fruits,  five  species  of  which  occur 
in  the  coal  formation. 

Stigmaria.  Yariolaria,  Sternb. ;  mammillaria,  Brongn. ; 
ficoidites,  Artis. 

Stem  originally  succulent ;  marked  externally  by  roundish 
tubercles,  surrounded  by  a  groove,  and  arranged  in  a  direc- 
tion more  or  less  spiral,  having  internally  a  distinct  woody 
axis,  which  communicates  with  the  tubercles  by  woody  pro- 
cesses. Leaves  arising  from  the  tubercles,  succulent,  entire, 

*  Pict.  Atlas,  pi.  ix.,  fig.  1. 
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and  veinless,  except  in  the  centre,  where  there  is  some  trace 
of  a  mid-rib. 

Five  species  in  the  coal  formation.* 

One  species  in  the  oolite  formation,  viz. : — Mammillaria 
Desnoyersii,  of  Brongn.  Ann.  sc.  4,  t.  19,  f.  9,  10. 

We  subjoin  a  figure  (128)  of  $.  ficoides,  Lindley  and 
Hutton,  PL  34. 


FIG.  128. 

CLASS  IV.— PHANEBO&AMIC  GTOOJOSPEEMS. 

Having  figured  those  genera  which  occur  most  commonly 
in  the  coal  measures  and  other  strata,  we  shall  merely  give 
descriptions  of  most  of  the  remaining  plants,  and,  with  one 
or  two  exceptions,  refer  for  the  plates  and  other  details  to  the 
works  of  Brongniart,  Sternberg,  Lindley  and  Hutton,  and 
the  Pictorial  Atlas. 

9th  Family. — CYCADE^:. 

LEAYES    ONLY    KNOWN. 

Pteropliyllum,  from  nrfpov,  a  wing,  and  0vXXoi/,  a  leaf, — 
Leaves  pinnated ;  leaflets  almost  equally  broad  each  way, 
inserted  by  the  whole  of  their  base,  truncated  at  the  summit  $ 
veins  fine,  equal,  simple,  but  little  marked,  all  parallel. 

Eight  species  in  the  lias  and  oolite. 

We  subjoin  a  figure  of  P.  comptum  (fig.  129),  with  magni- 
fied leaflet,  Lindley  and  Hutton,  PI.  66. 

Cycadites. — One  species  in  the  grey  chalk. 

Eight  species  in  the  oolite  formation. 

*  Pict.  Atlas,  pi.  xxi.  to  xxiii. 
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Nillsonia. — Two  species  in  the  lias. 
Zamia. — Fifteen  species  in  the  oolite  and  lias.* 
One  species  from  a  deposit  unknown. 

STEMS    ONLY   KNOWS. 

Cycadeoidea,  Buckland,  Mantellia,  Ad.  Brongn. — The  Fol- 
lowing dicotyledonous  plants  are  of  doubtful  affinity  : — 
Phyllotheca,  annularia,  bechera,  asterophyllites,  &c. 

As  this  last  genus  is  of  frequent  occurrence  in  the  coal, 
we  subjoin  a  figure  (130)  and  description  of  asteropliyllites 
foliosa,  Lindley  and  Hutton,  PL  25. 


FIG.  129. 


FIG.  130. 


Aster opJiyllites.  Bornia,  Sternb. ;  Bruckmannia,  Sternb. 
— Stem  scarcely  tumid  at  the  articulations,  branched ;  Leaves 
verticillate,  linear,  acute,  with  a  single  mid-rib,  quite  distinct 
at  their  base. 

Twelve  species  in  the  coal  formation.t 

One  species  in  the  transition  rocks. 

This  is  considered  to  be  an  extremely  heterogeneous 
assemblage,  comprehending  nearly  all  fossils  with  narrow, 


Pict.  Atlas  pi.  iii.,  fig.  5. 


f  Pict.  Atlas,  pi.  v.,  fig.  10,  11. 
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Teinless,  verticillate  leaves,  which  are  not  united  in  a  cup  at 
their  base. 

10th  Family. — CONIFERS,  THE  PIE  TRIBE. 

WOOD    ONLY   KNOWN. 

Pinites. — Three  species  in  the  coal  formation. 
Pence. — One  species  in  the  coal  formation. 

One  species  in  the  oolite. 
Pinus. — Nine  species  in  the  tertiary  strata 
Abies. — One  species. 
Taxites. — Five  species  in  the  tertiary  beds. 

One  species  in  the  oolite  formations. 
Podocarpus. — One   species    in    the    tertiary  fresh-water 
formations  of  Aix. 

Voltzia. — Four  species  in  the  new  red  sandstone. 

Thuia. — Three  or  four  species  in  the  new  red  sandstone. 

Thuytes. — Four  species  in  the  schistose  oolite. 

DOUBTFUL. 

Urachyphyllum. — One  species  in  the  lower  oolite  formation. 

CLASS  Y.— MONOCOTYLEDONOITS  PHANEKO- 

OAMLE. 
llth  Family. — PLUTTALES. 

Zosterites. — Four  species  in  the  lower  green  sand. 

One  species  in  the  lias.- 

Two  species  in  the  upper  fresh-waterformation. 
Caulinites. — One  species  in  the  London  clay. 

I  12th  Family.— THE  PALMS. 

STEMS    ONLY   KNOWN. 

Palmacites. — One  species  in  the  lower  beds  of  the  London 
clay. 

LEATES    ONLY  KNOWN. 

Flabellaria. — One  species  in  the  coal. 

Three  species  in  the  tertiary  formations. 
PJicenicites. — One  species  in  the  tertiary  formations. 
NoeggeratJiia. — Two  species  in  the  coal  measures. 
Juniperites. — Three  species  in  the  tertiary  beds. 
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Gupressites. — One  species  in  the  new  red  sandstone. 
Zeugophyllum. — One  species  in  the  coal  formation. 

FBTJIT   ONLY   KNOWN. 

Cocos. — Three  species  in  the  tertiary  formations. 

13th  Family. — LILIACE^:,  THE  LILT  TBIBE. 
JSucJclandia. — One  species  in  the  Stonesfield  slate. 


FlG.  131.— WATEEWORN   STEM  OF  THE   CLATHRARIA   LTELLII. 

From  the  shingle  in  Brook  Bay. 
(One-third  linear,  nat.  size.} 

CflatTiraria. — One  species  in  the  green  sand,  and  one  in 
the  chalk. 

LEAVES   ONLY   KNOWN. 

Convallarites.—Two  species  in  the  variegated  sandstone. 

FLOWERS    ONLY   KNOWN. 

Antholithes. — One  species  in  the  tertiary  beds. 

14th  Family. — CANNED. 
Cannophyllites . — One  s]  ecies  in  a  bed  of  coal. 
Monocotyledonous  plants  of  doubtful  affinity. 

STEMS    ONLY   KNOWN. 

Endogenites. — Several  species  from  the  tertiary  strata. 
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Culmites. — Three  species  from  the  tertiary  beds. 
Sterribergia. — Columnaria  of  Stemberg.* 

Three  species  in  the  coal  formation. 

LEATES    ONLY   KNOWN. 

Poacites. — Several  species  in  the  coal  formation. 
Phyllites.     Potamophyllites  of  Brongniart. — One  species 
in  the  lower  fresh-water  formation. 

FRUITS    ONLY    KNOWN. 

Trigonocarpum.  Ad.  Br. — Five  species  in  the  coal  forma- 
tion. 

Amomocarpum.  Ad.  Br. — One  species  in  the  tertiary 
formations. 

Musocarpum.  Ad.  Br. — Two  species  in  the  coal  formation. 

Pandanocarpim.  Ad.  Br. — One  species  in  the  tertiary 
strata. 

CLASS  VI.— DICOTYLEDONOUS  PHAKEBO GAMINE. 
15th  Family. — AMENTACEJE,  THE  BIRCH  TRIBE. 

Carpinus,  letula,  and  comptonia. — One  species  of  each  in 
tertiary  lignite. 

DOUBTFUL   AMENTACE^. 

SaUx,  populus,  castanea,  and  ulmus. — In  upper  fresh-water 
formation.  .  - 

16th  Family. — JUGLANDE.E,  THE  WALNUT-TREE  TRIBE. 

Three  species  in  the  tertiary  strata. 

One  species  in  the  upper  beds  of  new  red  sandstone. 

17th  Family. — ACERINE.E,  THE  SYCAMORE  TRIBE. 
Some  dubious  leaves  found  near  Frankfort. 

18th  Family. — NYMPHEACE.E,  THE  WATER-LILY  TRIBE. 

NympTitsa. — Upper  fresh- water  formations. 
Flowering  plants  which  cannot,  with  certainty,  be  referred 
to  either  the  monocotyledonous  or  dicotyledonous  class. 

*  Pict.  Atlas,  pi.  xviii. 

o  2 
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JEthophyllum,  ecMnostacTiys,  and  pal&oxyris. — One  species 
of  each  in  the  new  red  sandstone. 

Plants,  the  affinity  of  which  has  hitherto  been  regarded  as 
uncertain,  but  which  are  now  referred  with  great  probability 
to  the  dicotyledonous  division. 

Sigillaria.  Rhytidolepis,  alveolaria,  favularia,  catenaria, 
&c.,  of  Sternberg. — Stem  conical, 
deeply  furrowed,  not  jointed;  scars 
placed  between  the  furrows  in 
rows,  not  arranged  in  a  distinctly 
spiral  manner,  smooth,  much  nar- 
rower than  the  intervals  which 
separate  them. 

About  forty  species  in  the  coal 
formation.* 

Volkmannia.  —  Stem  striated, 
articulated ;  leaves  collected  in 
approximate,  dense  whorls.  These 
are  considered  to  be,  probably,  the 
leaves  of  calamites. 

Carpolithes. — Under  this  name 
are  arranged  all  the  fossil  fruits  to 
which  no  other  place  is  assigned.! 
ARRANGEMENT  or  THE  PLANTS  OF  THE  COAL.  —  The 
most  common  of  the  coal  plants  may  be  classified  under 
the  following  divisions :  —  First,  ferns  and  sigillarice. 
Secondly,  lepidodendra,  a  doubtful  genus,  provisionally  re- 
ferred to  lycopodiacece ;  but,  by  Corda,  ascribed  to  crassulacecB. 
Thirdly,  calamites,  allied  to  equisetacece.  Fourthly,  coniferous 
plants.  Fifthly,  stigmaria,  which  appear  to  be  an  extinct 
family. 

I.  FERNS  AND  SIGILLARIA. — The  leaves  of  flowerless 
plants  differ  from  true  leaves  in  many  particulars,  and  are 
therefore  called  fronds.  The  genera  of  fossil  ferns  have  been 
determined  by  the  characters  of  these  fronds,  such  as  their 
mode  of  attachment  to  the  racJiis  or  stem,  their  shape,  their 
method  of  branching,  and  the  way  in  which  the  veins  are 
distributed. 


FIG.  132.— Sigillaria  organum. 


Pict.  Atlas,  pi.  xix.,  xx.,  xxiv.,  p.  200,  figs.  3,  4, 5,  and  6. 
f  Pict.  Atlas,  pi.  xxxiii. 
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The  student  will  find  it  necessary  to  devote  particular 
attention  to  the  fossil  ferns,  to  enable  him  to  discriminate 
the  different  genera  and  species.  The  four  genera  which 
most  nearly  resemble  each  other  are  neuropteris,  sphenopteris, 
pecopteris,  and  odontopteris.*  The  following  may  be  mentioned 
as  distinctive  characters.  Neuropteris  is  known  from  spheno- 
pteris  by  its  leaves  being  cordate  at  the  base,  while  this  cha- 
racter is  reversed  in  sphenopteris,  in  which,  near  the  base, 
the  leaves  are  usually  smallest ;  the  shape  of  the  leaflets  is 
moreover  different,  those  of  sphenopteris  being  lobed,  while 
those  of  neuropteris  are  not.  Pecopteris,  again,  is  distin- 
guished from  neuropteris  by  its  leaves  being  occasionally  tri- 
pinnate,  which  is  never  the  case  with  neuropteris  ;  the  mid- 
rib of  pecopteris  also  runs  quite  through  the  leaflet,  while  in 
neuropteris  it  vanishes  at  the  apex  :  the  veins,  moreover,  of 
pecopteris  run  almost  perpendicular  to  the  mid-rib  ;  while  in 
neuropteris  they  are  oblique  and  curved;  and  the  genera 
odontopteris  and  neuropteris  are  distinguished  from  each 
other  by  the  veins  of  the  former  proceeding  into  the  segments 
directly  from  their  base,  without  collecting  into  a  distinct 
mid-rib,  and  by  those  of  the  latter  gradually  diverging  from 
the  mid-rib,  as  they  approach  the  point  of  the  segments. 

We  subjoin  a  magnified  leaf  of  a  common  species  of  each 
genus ;  and  for  farther  particulars,  such  as  the  form,  mark- 


FIG.  133.— 1.  Neuropteris.    2.  Sphenopteris.    3.  Pecopteris.    4.  Odontopteris. 

ings,  and  other  characters  of  recent  leaves  and  stems,  analo- 
gous to  those  of  fossil  specimens,  we  again  refer  our  readers 

*  Pict.  Atlas  ol.  iv. 
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to  the  splendid  work  of  M.  Brongniart,  from  which  the 
preceding  figures  are  taken  (fig.  133). 

SieuLLABi^). — The  same  deposits  of  the  coal  aiford  nume- 
rous fluted  stems,  or  trunks  of  trees,  which,  when  they  occur 
in  the  shale,  are  usually  flattened  by  the  pressure  of  the 
superincumbent  strata,  but  when  placed  vertically  or  obliquely 
in  the  grit,  or  sandstone,  are  round  and  uncompressed.  From 
presenting  small  impressions,  occasioned  by  the  decay  and 
fall  of  the  leaf-stalks,  resembling  markings  made  by  a  seal, 
they  have  obtained  the  name  of  sigillaricB.  They  have  also 
been  figured  and  described  by  various  writers  on  Fossil 
Botany,  under  the  names  ofrfytidohpis,  alveolaria,  favularia, 
catenaria,  &c.  They  have  hitherto  been  considered  as 
monocotyledonous  plants ;  but  later  observers,  particularly 
the  late  Mr.  Bowman,  in  a  communication  to  the  Geological 
Society,  on  the  fossil  trees,  discovered  on  the  Bolton  Kail- 
way,*  endeavours  to  show  that  the  sigillarice  belonged  to  the 
dicotyledonous  division.  He  founds  this  conclusion  on  the 
following  evidence : — 

The  irregular,  longitudinal  and  discontinuous,  or  anasto- 
mosing furrows  on  the  surface  of  the  stems ;  the  swelling  out 
of  the  stems  at  their  base ;  their  angle  of  dip,  or  downward 
direction  of  the  roots ;  characters  which,  he  observes,  are  con- 
stantly observable  in  dicotyledonous,  but  never  in  monocoty- 
ledonous plants.  He  adduces  marks  of  striae  as  proving  that 
these  trees  have  a  separable  bark,  and  finally,  in  slices  of  a 
tree  of  this  kind,  prepared  for  microscopic  investigation,  he 
discovered  traces  of  medullary  rays,  which  are  universally 
recognised  as  indisputable  proofs  of  dicotyledonous  structure. 
The  supposition  that  these  plants  were  hollow,  a  circumstance 
which  would  be  fatal  to  their  dicotyledonous  character,  had 
previously  been  denied  by  Mr.  Hawkshaw,  who  had  stated 
that  in  tropical  climates  the  interior  of  solid  hard- wood  trees 
is  often  consumed  by  insects,  in  an  extremely  short  space, 
leaving  the  bark  intact,  and  the  tree  apparently  sound. 
Hence  it  is  inferred,  that  in  the  ultra-tropical  climates  of 
the  carboniferous  epoch,  solid  trees  might  have  been  inter- 
nally destroyed,  and  rendered  hollow  in  a  short  period  of  time. 

While  the  sigillarice  are  thus  generally  regarded  as  dico- 
tyledonous, or  exogenous  trees,  Dr.  Lindley  has  divided  from 

*  See  Proceedings,  vol.  3,  No.  63,  p.  273. 
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them  another  genus  termed  caulopteris,  which  he  considers 
as  true  stems  of  tree-ferns.  They  are  hollow ;  but  the  mark^ 
ings  which  they  exhibit  present  so  close  a  resemblance  to 
existing  tree-ferns,  as  to  render  their  identity  with  those 
plants  highly  probable.  They  are,  however,  comparatively 
rare,  while  of  sigillaria,  forty  species  have  been  discovered  in 
the  coal.  Figures  of  the  fossil  stem,  caulopteris  (fig.  134), 
and  of  that  of  a  familiar  species  of  recent  fern  (fig.  135),  are 
placed  in  juxtaposition  for  comparison. 


FIG.  134.— Caulopteris  Phillipsii, 
Lindley  and  Button. 


FIG.  135. — Stem  of  recent  tree-fern. 


II.  LEPIDODENDBA. — These  are  a  very  numerous  class  of 
fossils  from  the  coal.  They  have  hitherto 
been  conjectured  to  be  referable  to  the 
family  of  club -mosses,  and  the  larger 
species  were  regarded  as  forming  a  tran- 
sition to  the  coniferous  plants.  The  living 
species  (fig.  136)  of  their  supposed  ana- 
logues abound  in  tropical  climates,  they 
generally  creep  on  the  ground,  some  grow 
erect,  but  none  exceed  three  feet  in 
height;  whereas  fossil  specimens  have 
been  found  thirty  feet  high,  while  frag- 
ments have  been  discovered  indicating 
a  much  larger  size  (fig.  137  and  138.)* 


FIG.  136. 


*  See  the  references  to  the  plates  of  this  group,  p.  189. 
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Professor  Corda,  of  the  Bohemian  National  Museum  at 
Prague,  in  his  work  above  mentioned,  Skizzen  der  vergleich- 


FIG.  137. — Branching  Trunk  of 
L.  Sternbergili,  Foss.  Flo.  203. 


FIG.  138.— Branching  Stem,  with  bark 
and  leaves,  Flora  der  Vorwelt,  Erstes 
Heft,  Leipzig,  1820.  PI.  II. 


enden  PJiytotomie  vor-und  jetztweltlicher  Pflanzen-Stamme,  or 
Sketches  of  the  Analogies  of  Structure  in  trhe  Stems  of  recent 
and  fossil  Plants,  p.  ]xxi.,  refers  them  to  a  totally  different 
family.  He  declares  that  both  in  general  habit,  and  external 
and  internal  structure,  they  are  far  more  closely  allied  to  the 
existing  crassulacece  than  to  any  other  tribe,  and  that  both 
in  external  and  internal  characters  they  are  strongly  distin- 
guished from  lycopodiacetB.  "With  regard  to  the  lepidostrobi, 
he  observes  that  they  have  never  yet  been  proved  to  be  the 
fruit  of  lepidodendron ;  and  he  considers  them  the  male 
flowers  (die  mannlichen  Blutheri)  of  a  plant  of  the  fir  tribe. 

The  crassulacecGj  or  house-leek  family,  comprises  272  spe- 
cies, of  which  133  are  found  at  the  Cape  of  G-ood  Hope,  52 
in  Europe,  and  the  remainder  in  various  regions,  chiefly  those 
of  the  temperate  zone.  They  occur  in  the  driest  situations, 
where  not  a  blade  of  grass  nor  a  particle  of  moss  can  grow, 
on  naked  rocks,  old  walls,  or  hot  sandy  plains,  alternately 
exposed  to  the  heaviest  dews  of  night,  and  the  most  intense 
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rays  of  the  noon-day  sun.  Soil  is  to  them  a  something  to  keep 
them  stationary,  rather  than  a  source  of  nutriment,  which  in 
these  plants  is  conveyed  by 
myriads  of  small  cuticular  pores 
to  the  cellular  tissue  which  lies 
beneath  them.  The  accompany- 
ing is  a  figure  of  a  typical  spe- 
cies of  this  family  (fig.  139). 

III.  CALAMITES.  — •  These 
have  already  been  described  as 
allied  to  the  equisetacece,  or 
horse-tail  tribe ;  but  they  differ 
in  their  much  larger  size,  the 
analogous  plants  in  these  re- 
gions being  only  two  feet  high, 
while  a  gigantic  species  of  the 
tropics  is  no  more  than  five  feet 
in  height,  and  an  inch  in  dia- 
meter ;  whereas  their  fossil  re- 
presentatives far  exceed  these 
dimensions,  both  in  circumfe- 
rence and  elevation ;  they  were 
farther  distinguished  by  having 
a  thin  bark,  and  are  now  gene- 
rally considered  a  separate  and  extinct  family.* 

IV.  THE  CONIFEEJB. — It  has  been  observed,  as  a  remark- 
able   circumstance,    that   the    fossil  conifers  of  the  coal 
bear  a  close  resemblance  to 

those  of  the  existing  genus 
araucaria,  or  Norfolk  Island 
pine;  slices  of  the  wood,  when 
examined  by  the  microscope, 
showing  that  the  ducts  or 
glands  peculiar  to  this  family 
are  arranged  in  a  similar 
manner ;  that  is,  alternately 
in  double  and  triple  rows 
(fig.  140). 

V.  SiiGMAEi-ZE.  —  These 
have   recently    been    most 


Fio.  139.—  Crassula  tetragona,  from 
De  Candolle's  Plantes  Grasses. 


FIO.UO. 


ully  and    ably  described  by 


*  Plot.  Atlas,  pi.  xv.,  xvl,  xvii. 
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Mr.  Logan,  in  a  valuable  contribution  to  the  Geological 
Society,*  As  the  paper  will  be  again  cited,  in  treating  of 
the  coal  formations,  we  shall  merely  remark  that  the  author 
adopts  the  idea  of  Mr.  Steinhauer,  that  the  stigmaria  was  a 
large,  succulent  water-plant,  the  stem,  in  its  compressed  fossil 
state,  varying  from  two  to  six:  inches  in  diameter,  and  having 
numerous  processes,f  which  proceed  vertically,  horizontally, 
and  obliquely,  and  traverse  the  beds  in  every  direction. 
These  processes  have  been  traced  to  a  distance  of  eight  or 
ten  feet  from  the  stem,  and  had  a  horizontal  range  of 
twenty  feet.  From  the  number  of  these  plants,  it  is  con- 
cluded that  they  have  furnished  the  material  for  the  great 
mass  of  our  beds  of  coal,  and  from  their  constant  presence  in 
every  seam  over  the  whole  area  of  South  Wales,  is  derived 
evidence  of  the  most  conclusive  character,  that  the  coal  was 
formed  by  submergence  on  the  spot,  and  not  by  drift,  as 
heretofore  supposed.  J 

Eor  more    complete    details,   explanations   of   technical 
terms,  &c.,  the  student  is  referred  to  the  elementary  works 


FIG.  141.  FIG.  142. 

on  botany  already  mentioned.  As  the  leaves,  however,  con- 
stitute a  highly  important  feature  in  this  department  of 
science,  we  shall  here  introduce  a  few  remarks  descriptive  of 
their  characters,  as  they  occur  most  commonly  in  fossil  plants. 
Leaves  are  either  simple,  consisting  of  one  leaf,  as  in  the 
Hly;  or  compound,  composed  of  several  leaflets,  as  in  the 
rose.  Compound  leaves  are  distinguished  into  pinnate, 

*  See  Proceedings,  vol.  3,  No.  69,  p.  275.  f  See  fig.  101. 

£  Pict.  Atlas,  pi.  xxi.,  xxii.,  xxiii. 
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lipinnate  and  tripinnate ;  and  into  ternate,  liternate,  and 
triternate^  &c. 

A  pinnate  (or  winged)  leaf,  is  one,  the  stem  or  foot-stalk 
of  which  has  several  leaflets  at  each  side,  growing,  at  equal 
distances,  in  pairs.  (Fig.  141.) 

A  lipinnate  leaf  is  one  in  which  the  footstalk  itself  is 
divided,  and  branches  out  into  other  footstalks,  each  of  which 
supports  leaflets,  corresponding  in  all  their  modifications  to 
those  of  the  simply  pinnate  leaf.  (Fig.  142.) 

A  tripinnate  leaf  is  of  the  same  description  as  the  above, 
once  more  decompounded :  the  footstalk  being  lipinnate,  and 
supporting  leaflets,  as  in  the  former  modes.  (Fig.  143.) 

The  term  ternate,  with  its  compounds,  indicates  an  analo- 
gous arrangement.  A  ternate  leaf  is  so  called  when  the 
footstalk  supports  three  leaflets  (Fig.  144)  ; 


FIG.  143.  FIG.  144. 

a  Hternate  leaf  is  when  the  common  footstalk  supports  three 
others,  each  of  which  supports  three  leaflets  (fig.  145)  ;  and 
a  triternate  leaf  is  only  a  farther  decomposition  of  the  above. 
(Fig.  146.) 

Apinnatifidleaifis  one  which  is  cut  transversely  into  several 
oblong,  parallel  segments  (fig.  147)  ;  and  Hpinnatifid  denotes 
another  decomposition  of  the  same  form.  (Fig.  148.) 

As  to  position,  leaves  are  either  radical,  that  is,  proceeding 
from  the  crown,  or  radical  plate ;  or  they  are  caulinar,  borne 
on  the  stem ;  and  either  sessile  or  petiolate,  that  is,  either 
sitting  or  having  footstalks.  Sessile  leaves  are  sometimes 
vaginant,  that  is,  sheathing,  as  in  grasses ;  or  amplexicaule, 
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stem-clasping,  as  in  many  umbelliferous  plants ;  or  connate, 
situate  opposite  each  other,  and  united  at  the  base,  circum- 


FIG.  146. 


scribing  the  stem,  as  in  the  leaves  of  the  honeysuckle ;  or 
they  are  decurrent,  running  down  the  stem,  &c.,  &c. 


FIG.  147. 


FIG.  148. 


As  regards  shape,  their  modifications  are  innumerable; 
the  chief  of  these,  as  regards  fossil  plants,  are  as  follows  : — 
They  are  linear,  narrow,  and  long,  with  parallel  sides,  and  ot 
equal  breadth  throughout ;  or  lanceolate,  of  a  narrow,  oblong 
form,  tapering  towards  each  end;  verticillate,  growing  in 
rings  or  whorls ;  they  are,  farther,  ovate,  egg-shaped ;  obovate, 
the  same  form  with  the  large  end  upwards ;  cordate,  heart- 
shaped,  obcordate  the  heart-shape  reversed ;  hastate,  spear- 
shaped  ;  auriculed,  having  appendages  like  ears ;  lobed,  with 
the  margins  of  their  segments  rounded,  while,  according  to 
the  number  of  lobes,  the  leaf  is  termed  bilobate,  trilobate, 
&c. ;  they  are  adherent  or  not  adherent  to  the  stem,  or  to 
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each  other ;  they  are  deciduous,  or  withering  and  falling ; 
or  persistent,  remaining ;  they  areJlabeUiform,  or  fan-shaped ; 
or  imbricated,  placed  one  over  another,  like  the  tiles  of  a 
house.  They  are  also  succulent,  soft  and  juicy,  coriaceous, 
resembling  leather,  &c.,  &c. ;  the  areolcs  are  the  spaces  from 
which  the  leaves  have  fallen. 

Venation  constitutes  a  highly  important  character  in  fossil 
botany,  since  the  veins  often  afford  very  conclusive  evidence 
as  to  the  generic  character  of  a  plant.  The  costa  is  the  mid- 
rib from  which  the  smaller  veins  usually  proceed ;  these  are 
simple,  (that  is,  undivided,)  or  dichotomous,  (forked,)  once, 
or  more  than  once  ;  anastomosing  (running  into  each  other)  ; 
reticulated,  forming  a  net-work;  or  radiating,  proceeding 
from  a  centre,  like  the  spokes  of  a  wheel,  &c.,  &c.  See 
Dr.  Lindley,  Sir  J.  E.  Smith,  Sir  W.  Hooker,  &c.,  &c. 


EXEECISES. 

Otf   FOSSIL   BOTANY. 

1.  Describe  the  arrangement  of  plants  according  to  the 
natural  system  of  Jussieu. 

2.  Explain  the  term,  cotyledon. 

3.  Describe   the   monocotyledonous    and  dicotyledonous 
divisions  of  plants. 

4.  Show  the  difference  of  the  two  classes,  as  developed  in 
the  seed,  the  wood,  and  the  leaf. 

5.  Describe  the  successive  epochs  in  the  Elora   of  the 
ancient  earth,  as  proposed  by  Brongniart,  and  modified  by 
Sternberg. 

6.  Name   the   six   divisions   of  the   vegetable    kingdom 
adopted  by  Brongniart. 

7.  Copy  and   commit  to  memory  the  eighteen  families 
which  form  the  six  divisions  above  stated. 

8.  State  the  experiment  of  Dr.  Lindley,  as  to  the  power 
of  certain  plants  to  resist  decomposition  in  water,  and  its 
results,  with  the  remarks  of  Count  Sternberg. 
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9.  Describe  the  nature  of  the  flora  of  the  ancient  earth, 
and  the  peculiar  climate  indicated  by  such  a  character  of 
vegetation. 

10.  State  the  period  when  this  flora  gradually  assumed  its 
present  European  character. 

11.  Commit  to  writing  a  list  of  the  genera  of  fossil  plants, 
with  the  derivation  of  their  respective  names. 

12.  Copy,  on  tracing  paper,  a  typical  specimen  of  each 
genus. 

13.  Seek  to  combine  practice  with  theory,  and  identify 
specimens  of  each  genus  with  their  description  in  books. 

14.  Name  the  genera  which  most  closely  resemble  each 
other,  and  state  the  characters  which  distinguish  odonto- 
pteris  from  pecopteris,  and  the  latter  from  neuropteris  and 
sphenopteris. 

15.  Trace   the   leaves  (with  their  venations)  figured  in 
page  197. 

16.  Trace    in    like    manner  a  pinnate,  bipinnate,   and 
tripinnate,  and  a  ternate,  biternate,  and  triternate  leaf. 

17.  Trace  from  the  work  of  Brongniart  the  leaves  (with 
their  venation)  of  recent  ferns  resembling  the  fossil  species. 

18.  State  the   distinction  between  caulopteris  and  sigil- 
laria,   and  the  reasons   for  establishing  the  former  as    a 
separate  genus. 
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PALEONTOLOGY  *  may  be  defined  to  be  the  science  of  fossil 
animals.  It  comprehends  all  questions  which  connect  these 
organisms,  directly  or  indirectly,  with  the  strata  in  which 
they  are  found,  the  conditions  in  which  they  lived,  the 
changes  by  which  they  became  extinct,  and  the  mode 
through  which  their  remains  have  been  preserved. 

By  a  careful  study  of  organic  remains,  the  palaeontologist 
is  enabled  to  determine  the  gaps  that  exist  in  the  regular 
succession  of  families  and  genera,  and  by  their  presence  or 
absence  in  particular  rocks  he  ascertains  the  relative  ages  ot 
different  strata,  and  from  their  position  and  mode  of  pre- 
servation describes  the  disturbances  and  dislocations  to 
which  they  have  been  exposed. 

As  the  physiological  laws  which  regulate  the  form,  growth, 
and  development  of  animals,  have  ever  been  the  same,  from 
the  first  dawning  of  life  upon  the  surface  of  our  planet,  down 
to  the  present  time,  the  means  which  the  zoologist  employs 
to  distinguish  and  arrange  existing  species  are  alike  appli- 
cable to  the  deciphering  and  classification  of  extinct  forms ; 
and  as  the  distribution  of  animals  and  plants  on  the  surface 
of  the  earth  is  determined  by  physical  geography  and  clima- 
tology, so,  in  like  manner,  have  the  same  physical  causes 

*  (Gr.  TraXaibs,  ancient ;  foras,  beings ;  \6yos,  a  discourse) — the  history 
of  ancient  extinct  organised  beings. 
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influenced  the  grouping  and  distribution  of  extinct  faunas 
and  floras  in  former  periods  of  its  history. 

The  preservation  of  the  generic  and  specific  characters  ot 
fossil  remains  varies  in  different  strata ;  hence  arise  many 
of  the  difficulties  which  beset  the  investigations  of  the  palae- 
ontologist, and  warn  him  against  a  too  common  error  of  draw- 
ing hasty  generalisations  from  incomplete  and  imperfect  data. 

Many  fossil  remains  are  preserved  as  complete  and  perfect 
for  scientific  investigation  as  the  bodies  of  living  animals. 
For  example,  the  elephant  and  rhinoceros,  with  their  muscles, 
skin,  and  hair  preserved  by  the  antiseptic  power  of  cold  in 
the  frozen  drift  of  Russia  and  Siberia ;  or  the  skeletons  of 
chelonian  and  saurian  reptiles  interred  in  the  oolitic,  creta- 
ceous, and  tertiary  rocks. 

Most  of  the  fossil  shells  of  the  tertiary  period,  with  the 
exception  of  their  colours,  have  their  specific  characters  as 
perfectly  preserved  as  those  of  our  present  seas.  In  many 
of  the  secondary  and  paleozoic  rocks,  they  are  likewise 
found  in  great  perfection  ;  whilst  in  other  strata  the  exist- 
ence of  these  organisms  is  determined  by  casts  of  the  inner 
surface  of  the  shell,  or  by  moulds  made  in  the  solid  rock ; 
the  calcareous  material  of  the  shells  having  been  subse- 
quently removed  by  chemical  action. 

The  horny  and  calcareous  skeletons  of  articulated  animals 
are  sometimes  preserved  entire ;  as  insecta  in  amber,  and 
Crustacea  in  the  palaeozoic,  secondary,  and  tertiary  rocks. 

The  complicated  skeletons  of  radiated  animals  are  found 
interred  in  strata  of  different  ages ;  and  the  minute  details 
of  the  structure  of  this  group  are  so  perfectly  preserved, 
that  the  fossil  species  of  Crinoid,  Asteroid,  and  Echinoid 
radiata,  are  described  with  as  much  rigorous  accuracy  as  the 
existing  species  of  these  orders. 

The  numerous  remains  of  delicate  polypiferous  zoophytes, 
which  are  strewed  among  rocks  of  all  ages,  are  preserved 
with  wonderful  perfection,  and  indicate,  in  some  instances, 
the  former  existence  of  coral  reefs  in  the  seas  of  the  silurian 
and  oolitic  periods ;  whilst  the  microscopic  organisms  that 
have  left  their  siliceous  shields  in  the  tertiary  beds  attest,  to 
the  observer  of  Nature's  minute  works,  how  permanent  are 
the  specific  characters  of  the  world  that  lies  beyond  the  ken 
of  the  unaided  eye  of  mm 
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Each  of  the  periods  into  which  the  palaeontologist  divides 
the  history  of  the  earth,  is  characterised  by  a  distinct  suite 
of  organic  remains.  Thus  the  mollusca,  Crustacea,  and  fishes 
of  the  palaeozoic  rocks,  differ  from  those  of  the  secondary 
series.  The  fishes  and  reptiles  of  the  oolitic  and  cretaceous 
periods  are  different  from  those  of  the  tertiary.  The  spe- 
ciality of  fossils  is  not  limited  to  families  and  genera,  but 
extends  even  to  the  species  of  the  animal  series,  so  that  a 
practised  eye  can  at  once  determine  to  which  stage  of  any 
system  of  rocks  a  given  suite  of  fossil  remains  belong. 

From  the  period  this  great  fact  was  first  enunciated,  down 
to  the  present  time,  it  has  received  from  each  succeeding 
palaeontologist  some  important  additions ;  but  by  none  has 
its  details  been  developed  with  so  much  patient  research, 
and  illustrated  with  such  scientific  precision,  as  by  Alcide 
D'Orbigny,  the  learned  and  accurate  author  of  the  "  Pale- 
on  tologie  Pran9aise,"  to  whose  works  we  must  refer  the 
student  for  ample  details  on  this  most  interesting  branch  of 
inquiry. 

The  association  of  certain  species  of  fossil  animals  in  each 
chapter,  so  to  speak,  of  the  history  of  the  earth's  crust,  has 
demonstrated  the  existence  of  a  series  of  distinct  faunas, 
from  which  the  palaeontologist  has  inferred  the  existence  of 
certain  laws  which  appear  to  have  governed  the  same.  His 
generalisations,  it  is  true,  are  not  unexceptionable ;  still 
they  have  contributed  to  the  progress  of  science,  and  have 
called  the  attention  of  naturalists  to  -many  interesting  and 
important  questions  that  have  arisen  in  the  study  of  organic 
remains. 

The  five  principal  laws  which  have  been  established 
relative  to  the  question  of  successive  faunas,  have  been  well 
explained  by  Professor  Pictet,  in  his  valuable  work,*  to 
which  we  refer  for  farther  details. 

FIRST  LAW. — The  species  of  animals  of  one  geological  epoch 
lived  neither  before  nor  after  that  epoch,  each  formation  has 
its  own  fossil  species,  and  the  same  species  is  never  found  in 
two  strata  of  a  different  age. 

Although  the  generality  of  this  law  is  not  admitted  to  the 

*  Traite  Elementaire  de  Paleontologie,  torn.  i.p.  58. 
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same  extent  by  all  palaeontologists,  it  is  nevertheless  one 
which  the  progress  of  science  has  shown  to  be  more  general 
than  was  at  one  time  supposed.  The  actual  state  of  our 
science  does  not  permit  us  to  affirm  that  this  law  is  without 
exceptions,  but  all  the  probabilities  accord  in  favour  of  the 
speciality  of  fossils.  "  All  the  works  that  have  been  written 
by  zoologists  well  acquainted  with  the  discrimination  and 
precision  which  palaeontology  requires,  have  almost  invari- 
ably given  as  their  result  that  fossils  are  different  in  each 
formation."  * 

If  we  take,  for  example,  the  fossils  of  the  triasic,  oolitic, 
and  cretaceous  periods,  we  find  them  to  be  completely  dif- 
ferent from  one  another  ;  but  it  is  probable  that  future  in- 
vestigation will  show  that  we  must  go  much  further  than 
this,  and  admit  that  the  stages  or  sub-divisions  of  each  of 
these  periods  possess  their  own  special  fauna.  D'Orbigny 
has  shown,f  that  in  the  chalk  rocks  of  Prance  no  species  of 
fossil  molluscan  or  radiate  animal  is  common  to  any  two 
of  the  stages  into  which  he  has  sub-divided  the  cretaceous 
system  of  that  country.  That  is  to  say — 

(    Danien  ^ 

ISenonien 
Turonien  j    Each  of  these  stages  he  has 

divided  iiito  seven  stages,J  -I     Cenomanien     }•       found   contains   its    own 
the        .         .         .         .         Albien  special  fauna. 

I     Aptien 
^    Neocomien      j 

SECOND  LAW. — The  differences  which  exist  between  extinct 
faunas  and  living  animals  are  greater  in  proportion  to  their 
antiquity ;  or,  in  other  words,  in  the  same  ratio  as  the  sedi- 
mentary strata  are  more  ancient,  the  animal  debris  contained 
therein  differ  from  the  forms  that  inhabit  the  earth  at  the 
present  day. 

This  law  becomes  evident  when  we  compare  the  fossil 
remains  of  animals  of  different  geological  epochs.  If,  for 
example,  we  examine  the  shells  of  the  tertiary  strata,  we 
shall  recognise  in  its  newer  divisions  a  majority  of  forms 

*  Pictet,  p.  64.       f  D'Orbigny,  Pal£ontologie  Fra^aise.     Ter.  Cretace. 
£  For  the  English  equivalent  of  these  stages,  see  the  table  in   the  chapter 
on  the  cretaceous  group. 
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with  which  we  are  familiar;  whilst,  if  we  study  the  Eocene 
fauna,  the  new  and  unknown  forms  which  we  encounter  of 
extinct  species  become  much  more  frequent.  On  this  fact 
is  based  the  per-centage  classification  of  the  tertiary  rocks, 
proposed  by  M.  Deshayes  and  Sir  C.  Lyell. 

THIED  LAW. — The  comparison  of  faunas  of  different  epochs 
that  the  temperature  of  the  surface  of  the  earth  has 
been  greatly  varied. 

The  facts  upon  which  this  law  is  established  are  these. 
"We  find  fossil  animals  in  regions  of  the  globe  which  are  not 
inhabitable  by  them  at  the  present  day,  in  consequence  of 
their  low  temperature,  as  the  rhinoceros  and  elephant,  which 
lived  under  the  latitude  of  the  glacial  sea.  This  region 
could  not,  in  our  time,  furnish  a  vegetation  fit  for  the, sup- 
port of  these  pachydermata. 

The  fauna  of  the  tertiary  period,  in  Europe,  presents  a 
greater  analogy  to  the  animals  of  the  torrid  than  to  those  of 
the  temperate  zone.  The  remains  of  the  vegetable  kingdom 
may  be  cited  in  confirmation  of  this  law.  Europe  was, 
during  the  carboniferous  period,  covered  with  an  immense 
vegetation,  which  for  luxuriance,  and  the  character  of  the 
vegetable  tribes  of  which  it  was  composed,  can  only  be 
likened  to  that  which  exists  in  the  present  inter-tropical 
regions  of  the  earth. 

FOURTH  LAW. — The  species  which  lived,  in  the  ancient 
epochs  had  a  more  extended  geographical  distribution  than  the 
species  which  exist  in  our  day. 

This  law  has  not  been  clearly  demonstrated,  nor  can  it 
be  definitely  admitted  until  the  numerous  localities  have 
been  studied,  and  their  fossils  determined  with  sufficient 
accuracy. 

The  observations  which  appear  most  worthy  of  belief  tend 
to  show  that  we  find,  in  contemporaneous  strata,  some  species 
which  are  common  to  Europe  and  to  America.  Other  ob- 
servations prove  that  the  species  which  inhabited  the  greater 
part  of  Europe,  during  the  periods  anterior  to  ours,  had  a 
wider  geographical  range  into  the  Asiatic  continent  and 
boreal  region,  than  the  species  which  inhabit  Europe  at  the 
present  day. 

p  2 
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Should  these  facts  receive  confirmation  by  subsequent  in- 
vestigation, we  shall  be  enabled  to  deduce  some  interesting 
consequences  on  the  state  of  the  globe  during  the  different 
epochs  of  its  history. 

The  four  preceding  laws  seem  to  be  established  on  sound 
premises  ;  but  that  which  remains  to  be  enunciated  must  be 
received  with  considerable  reservation,  as  it  involves  the 
right  interpretation  of  physiological  questions  which  are  far 
from  being  clearly  understood. 

FIFTH  LAW. — The  faimas  of  the  most  ancient  strata  are 
composed  of  animals  of  a  more  simple  organisation,  and  their 
degree  of  perfection  increases  in  proportion  as  we  approach 
epochs  more  recent. 

In  the  brief  space  allotted  to  this  chapter,  it  is  impossible 
to  discuss  this  law  on  its  merits ;  and  therefore  we  must 
refer  to  Pictet's  admirable  work  for  an  exposition  of  this 
branch  of  the  subject.  It  may  be  observed,  however,  that 
if  the  law  is  limited  to  the  grouping  of  species,  or  the 
numeric  proportion  between  the  vertebrate  and  invertebrate 
animals,  then  it  is  true  that  the  absence  of  the  higher 
organisms  from  the  ancient  rocks  supports  the  correctness 
of  the  proposition.  But  if  this  fact  is  mixed  up  with  theo- 
retical ideas  on  the  progressive  development  of  species, 
through  long  periods  of  time,  then  it  becomes  a  question  of 
hypothesis,  and  ceases  to  be  one  of  sound  deduction. 

The  animal  kingdom  is  divided  into  four  great  groups  : — 

1.  EADIATA. 

2.  MOLLTJSCA. 

3 .  AETICULATA. 

4.  YEBTEBEATA. 

This  division  is  based  on  the  structure,  development,  and 
mode  of  arrangement  of  the  nervous  system,  to  which  the 
dermal*  and  osseous  skeletons  may  be  considered  as  the 
appanage.  It  is,  therefore,  a  strictly  natural  grouping  of 
the  primary  forms  of  animals. 

We  shall  pass  in  review  each  of  the  classes  to  which 
fossils  belong,  commencing  with  the  lowest  and  ascending 
to  the  highest, 

*  (Gr.  Sepfta,  skin)  belonging  to  the  skin. 
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PIEST  DIVISION. 
RADIATA,  Cuvier.     CYCLO-KETJBA,  Grant. 

Body,  circular  or  rayed ;  skeleton,  simple  or  complicated ; 
nervous  system,  when  present,  in  the  form  of  a  knotted 
filament,  encircling  the  entrance  to  the  stomach.  It  com- 
prises five  classes : — 

1.  Spongiaria. 

2.  Polypi/era. 

3.  Infusoria. 

4.  Foramenifera. 

5.  Echinodermata. 

The  SPONGIAEIA  are  among  the  lowest  forms  of  animal 
life.  They  are  composed  of  a  horny  framework,  invested 
with  a  simple  gelatinous  tissue,  and  furnished  with  vibratile 
cilia,  for  causing  currents  of  water  to  flow  through  their 
porous  structure;  the  horny  network  is  consolidated  with 
silicious  or  calcareous  spiculae.  The  spongiaria  remain 
rooted  to  rocks  at  the  bottom  of  the  sea,  or  hang  like 
living  stalactites  from  the  vaulted  arches  of  submarine 
caves ;  or  their  delicate  vegetable  forms  droop  in  endless 
variety  from  the  shelving  edges  of  •  rocks  exposed  to  the 
washing  of  the  surge.  They  are  reproduced  by  small 
gemmae,  covered  with  cilia,  which  are  free  organisms  during 
the  first  period  of  their  existence.  We  form  three  orders 
of  this  class :  the  first  have  silicious  spiculae,  the  second  cal- 
careous spiculae,  and  the  third  have  a  horny  network  without 
either.  Possil  sponges  are  found  in  most  strata,  either 
entire  or  decomposed  into  spiculae.  Most  of  the  extinct 
species  are  fossilised  with  silex,  which  permeated  their  struc- 
ture in  a  fluid  state,  as  it  has  either  enveloped  the  body  of 
which  it  retains  a  cast,  or  has  flowed  into  all  the  textures 
of  the  organism  and  preserved  a  silicious  model  of  its 
anatomy.  To  account  for  the  immense  accumulation  of 
flints  in  the  upper  beds  of  the  white  chalk  is  one  of  the  un- 
solved problems  of  geology.  These  flints  nearly  all  contain 
the  remains  of  fossil  spongiaria.  The  fibrous  internal  struc- 
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ture  of  the  sponge  is  indeed  not  always  preserved,  but  the 
general  form — the  sessile  or  spread- 
ing character — is  retained — and  in 
some  the  vents  and  pores  are  exhi- 
bited. Like  the  bodies  of  recent 
Spongiaria,  these  silicious  fossils 
contain  Infusoria  in  their  interior ; 
and  sections  of  flints  prepared  by 
the  lapidary,  and  mounted  on  glass 
slides  with  Canada  balsam,  exhibit 
their  microscopic  forms  in  great 
perfection.  The  spiculse  of  fresh- 
water sponges  are  found  in  great 

FIG.  149.— Ventricuiite  siiicified.  profusion  in  lacustrine  tertiary 
beds,  along  with  the  shields  of 

fossil  infusoria.     Many  of  the  moss  agates  are  of  spongious 

origin ;  and  the  beautiful  sections  cut  from  the  pebbles  of 


FIG.  150.— Siiicified  Spongiaria  from  the  Kentish  chalk.* 

the  Sussex  coast,  and  those  of  the  Isle  of  Wight,  owe  their 


*  Fig.  150.— Flint,  with  plates  and  spines  of  Cidaris  embedded  whilst  the 
silex  was  fluid. 
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exquisite  markings  to  the  fossil  Choanite  *  and  other  Spon- 
giaria  which  they  contain. 

In  addition  to  these,  the  Ventriculites^  from  the  chalk 
(fig.  149),  the  SipJionia'l.  from  the  green  sand,  and  the  variety 
and  beauty  of  the  different  Spongiaria  from  the  same  stratum, 
near  Farringdon,  in  Berkshire,  §  are  familiar  examples  of  the 
fossil  remains  of  this  class. 

POLYPIFEBA. — The  elegant  plant-like  zoophytes,  that  con- 
vert the  bed  of  the  ocean  into  a  garden  of  animal  forms, 


FIG.  151.— Corallium  rubrnm,  and  Magnified  Branch. 

adorned  with  the  most  rich  and  varied  hues,  but  for  ever 

*  Pict.  Atlas,  pi.  xlii.     +  PI.  xli.      J  PI.  xlii.       §  PI.  xliii.,  xliv.,  xlv. 
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rooted  by  a  calcareous  base  to  some  sub-marine  body,  con- 
stitute the  class  Polypifera.  Their  skeleton  assumes  a  vast 
variety  of  forms,  being  horny  or  calcareous,  globular  or 
branched,  solid  or  tubular,  stellate,  porous,  or  reteform.  The 
gelatinous  organised  substance  of  the  animal  is  enclosed  in 
ramified  tubular  sheaths,  or  expanded  over  the  surface  of  the 
calcareous  skeleton  which  it  encloses  and  secretes.  The 
mouth  of  the  polyp  is  surrounded  with  numerous  filaments 
or  tentacules,  which,  in  the  highest  groups,  are  furnished  with 
vibratile  cilia.  Each  polyp,  or  digestive  sac,  contributes  a 
moiety  to  the  nourishment  of  the  compound  body  with  which 
it  is  organically  united.  This  physiological  relation  occa- 
sions remarkable  associations  and  singular  groupings  among 
the  Polypifera ;  hence  the  stupendous  results  obtained  from 
their  operations  in  the  seas  of  inter-tropical  regions,  by 
which  the  life  of  the  individual  is  combined  with  the  life  of 
the  whole,  and  the  nutriment  prepared  by  each  organism  is 
made  to  contribute  to  the  nourishment  of  the  community,  of 
which  it  forms  a  part,  as  in  the  red  coral,  fig.  151. 

The  calcareous  skeletons  of  some  Anthozoa  are  very  abun- 
dant, and  attain  a  great  magnitude  in  the  Pacific,  where  they 
may  be  said  to  modify  the  ocean's  bed,  and  contribute  largely 
to  the  formation  of  new  continents.  That  there  are  masses  of 
rock  many  leagues  in  extent,  founded  in  the  recesses  of  the 
ocean,  and  built  up  into  gigantic  structures,  from  eight  hundred 
to  a  thousand  feet  in  thickness,  by  the  secretions  of  polyps, 
is  a  fact  of  deep  interest  to  the  naturalist,  and  of  great 
importance  to  the  geologist,  the  study  of  which  affords  him 
important  data  for  reasoning  on  the  operations  of  these  ani- 
mals in  former  periods  of  the  earth's  history.  Dr.  Darwin  * 
has  recently  shown  that  the  zoophytic  productions  known  as 
coral  reefs,  and  coral  islands,  may  be  classified  into  three 
groups — Atolls,  Barrier-reefs,  and  Fringing-reefs  ;  that  the 
vital  operations  of  the  Polypifera  are  limited  within  the 
range  of  thirty  fathoms,  and*  that  beyond  that  depth  they 
cannot  live;  that  the  forms  which  reefs  assume  depend 
upon  the  elevation  or  subsidence  of  the  ocean's  bed,  on 
which  the  foundations  of  the  zoophytic  structure  are  laid. 
These  facts,  previously  ascertained*  by  Quoy,  Gaymard, 

*  On  the  Structure  and  Distribution  of  Coral  Reefs,  8. — 1842. 
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Stutchberry,  Ehrenberg,  and  Beechey,  and  now  confirmed  by 
Darwin's  observations,  enable  us  to  reason  more  correctly 
on  the  importance  and  extent  of  the  labours  of  Polypifera 
in  relation  to  the  history  of  the  earth  itself,  and  of  the  higher 
classes  of  the  animal  series  :  for  when  we  compare  the  stu- 
pendous results  obtained  by  the  operations  of  a  community 
of  polyps  with  the  boasted  monuments  of  man,  the  latter 
sink  into  insignificance.  The  great  wall  of  China,  or  the 
pyramids  of  Egypt's  plains,  are  as  nothing  when  contrasted 
with  the  barrier-reefs  that  stretch  along  the  shore  of  New 
Caledonia  to  the  length  of  four  hundred  miles,  or  those 
which  run  along  the  north-east  coast  of  Australia  for  up- 
wards of  a  thousand  miles. 

How  marvellous  is  the  reflection,  that  these  masses  of 
calcareous  rock  have  been  secreted,  through  successive  ages, 
by  generations  of  tiny  architects,  amidst  the  waters  of  the 
ocean,  and  in  defiance  of  the  violence  of  its  ever  restless  waves  ! 

The  study  of  such  phenomena  prepares  the  mind  of  the 
geologist  for  the  investigation  of  operations  of  a  similar  cha- 
racter which  have  taken  place  in  the  seas  of  former  periods 
of  the  earth's  history.  Many  palaeozoic  and  oolitic  rocks  may 
be  said  to  be  ancient  coral  reefs,  and  appear  to  have  been 
formed  under  conditions  analogous  to  those  which  are  now 
in  progress  in  the  waters  of  the  Pacific. 

We  divide  this  class  into  two  orders  — 

BRYOZOA—  ANTtfOZOA. 

The  BRYOZOA  includes  the  most  highly-  organised 
Polyps.  The  tentacula  are  ciliated;  the  digestive  organs 
have  an  intestine  and  rudimentary  gland  ;  the  body  has  no 
septal  divisions,  and  they  possess  a  type  of  structure  which 
connects  them  with  some  of  the  Molluscan  class.  This  order 
includes  the  families  ESCHABAD.&,  TTTBULIPOBID^;,  MTEIO- 

PORLD-E,  ASTEKODISCIDJE, 


The  ANTHOZOA  have  unciliated  tentacula,  no  intestinal 
appendage  to  the  stomach,  and  have  the  body  of  the  polyp 
divided  by  septa,  which  produce  stellate  laminated  cells  on 
the  polypary. 

The   cells    seen   on   the    surface  of  Astrea,  Madrepora, 
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Caryopliyllia,  Meandrina,  and  other  cognate  genera,  are 
produced  by  the  calcification  of  the  septa  of  the  body. 

As  the  polyparies  of  this  order  are  more  solid  and  massive, 
and  their  characters  are  better  defined,  they  are  of  more 
importance  to  the  palaeontologist,  but  we  must  caution  the 
student  against  the  supposition  that  they  are  easily  identi- 
fied; on  the  contrary,  it  requires  much  patient  study  and  accu- 
rate observation  to  become  acquainted  with  the  fossil  genera.* 

"We  separate  the  Anthozoa  into  two  sub-orders — Zoo- 
corallina  and  Phyto-corallina.  The  following  table  gives  a 
general  idea  of  the  families  : — 


ANTHOZOA 


j   Zoo-corallina 


Phyto-corallina 


FUNGIADJE 

TUBIPORID.E 
ALCYONID.K 
PENNATULID*: 

TlJBULARIDJE 

SERTULARID.S: 
OCELLID.E 

ASTREADJE 

MADREPORID.E 
MILLEPORID.E 
lsio.fi 

GORGONIDJE. 


The  palaeontological  history  of  this  class  proves  that  each 


FIG.  152. — Lithareea  Websteri  from  Bracklesham  Bay. 

period  has  generic  and  specific  forms  special  to  it :   that  the 

*  For  British  Corals,  consult  Professor  Milne  Edwards'  Monograph,  and 
Pictorial  Atlas,  PI.  xxxiv.  to  PI.  xl. 
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corals  of  the  Silurian  period  do  not  all  belong  to  the  lowest 
forms,  but,  on  the  contrary,  that  many  of  them  have  the 
Bryozoan  type  of  structure  ;  a  fact  which  we  shall  hereafter 
connect  with  others  of  a  like  character,  derived  from  an 
investigation  of  the  higher  classes  of  the  animal  series.  The 
subjoined  figures  (152  and  153)  of  a  beautiful  Anthozoan 
coral  (Liiharcea  Websteri),  from  the  tertiary  sands  of  Brack- 
lesham  Bay,  may  be  regarded  as  typical  of  the  polypifera. 

IKFUSOBIA. — The  waters  of  every  pond  and  rivulet,  of  every 
lake  and  river,  together  with  those  of  the  great  ocean  itself, 
swarm  with  innumerable  minute  forms  of  animal  life,  which, 
from  the  circumstance  of  their  abounding  in  infusions  of 
vegetable  substances,  have 
been  called  Infusoria.  Many 
of  these  microscopic  organ- 
isms, like  the  Monas  crepus- 
culus,  measure  only  about  the 
thirty-two  thousandth  part  of 
an  inch  in  length,  and  all  are 
so  minute  that  it  requires  the 
highest  powers  and  the  best 
object-glassesofthemicroscope 
to  study  their  organisation 
and  watch  their  habits. 

Professor  Ehrenberg,  the 
great  historiographer  of  this 
class,  has  made  some  interest- 
ing calculations  on  the  mi- 
nuteness of  some  Infusoria.  He  ascertained  by  the  micro- 
meter that  two  thousand  of  these  organisms,  placed  together, 
would  measure  about  one  line,*  which  would  give  twenty- 
four  thousand  in  an  inch. 

In  some  infusions,  certain  species  are  crowded  so  closely 
together,  that  he  estimated  that  ten  thousand  swim  freely  in 
that  space  ;  consequently,  a  cubic  inch  of  such  an  infusion 
would  contain  more  organised  atoms  than  there  are  human 
beings  on  the  surface  of  the  earth.  When  we  reflect  upon 
the  universal  distribution  of  the  Infusoria  in  the  waters  of 
our  planet,  as  well  as  in  the  juices  of  animals  and  plants,  we 
cease  to  be  astonished  at  their  omnipresence  in  nature,  and 


FIG.  153— B.  A  portion  of  Fig.  152 
magnified. 


A  line  is  one  twelfth  of  an  inch. 
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learn  to  adore  with  humility  the  goodness  of  their  Divine 
Author,  who  in  the  earth  and  in  the  heavens  has  shown  to 
inquiring  man  that  his  works  are  as  infinite  in  extent  as  they 
are  all-perfect  in  structure. 

As  every  improvement  in  the  construction  of  the  telescope 
has  rewarded  the  astronomer  with  some  new  discovery  in 
the  architecture  of  the  heavens,  so,  in  like  manner,  has  every 
addition  to  the  power  of  the  microscope  introduced  the  natu- 
ralist to  new  forms  of  existence  in  the  organisms  of  the  earth. 

Some  families  of  Infusoria  are  enclosed  in  silicious 
shields,  marked  with  longitudinal,  transverse,  or  oblique 
lines,  or  adorned  with  various  other  forms  of  sculpture. 

Many  genera  of  these  loricated  organisms  belonging  to 
the  families  BACILLAKID.E  and  PEBIDINID^:  have  been  found 
in  a  fossil  state  in  the  tertiary  deposits  of  Europe  and  Ame- 
rica. The  following  table  exhibits  the  principal  genera  :* — 


BACILLARID^: 


'  Pyxidicula 

.  Silex,  Berlin. 

Xanthidium 

.  Silex  and  in  chalk. 

Gallionella 

.  Tripoli,  Bilin,  Farina,  Finland. 

A  ctinocyclus 

.  Tripoli,  Oran. 

Navicula  . 

.  Tripoli,  Germany,  Farina,  Sweden. 

Eunotia 

.  Farina,  Tuscany,  Sweden,  Finland. 

Coconeis     . 

.  Tripoli  and  Farina. 

Bacillaria  . 

.  France,  Germany,  England,  America. 

Synedra     . 

.  Farina,  Tuscany. 

Podosphenia 
Gomphonema 

.  Tripoli,  Bilin. 
.  Farina,  Tuscany,  Finland. 

Coconema  . 

.  Tripoli,  Farina. 

_  Achnantes  . 

.  Farina,  Finland. 

Chetotyphla 

.  Silex,  Delitzch. 

^  Peridinium 

.  Silex,  Delitzch. 

PERIDINID.S:   . 


The  palseontological  history  of  this  class  commences  with 
the  discovery  by  Ehrenberg  that  the  substance  known  as 
Tripoli,  polirschiefer  of  the  Germans,  was  composed  of  the 
silicious  shields  of  many  of  the  above  genera.  Subsequent 
observations  made  by  microscopists  have  shown  that  most 
of  the  tertiary  deposits  in  Europe  and  America  contain  a 
vast  accumulation  of  these  microscopic  fossils. 

Ehrenberg  estimated  that  a  cubic  line  of  the  polirschiefer 


*  We  have  no  doubt  that   many  of  these  belong  to  the  Desmidice  and 
Diatomacece. 


rSTUSOBT.4. 


221 


of  "Bilin  contained  in  round  numbers  23,000,000  of  indi- 
viduals. As  there  are  1728  cubic  lines  in  one  cubic  inch, 
therefore  a  cubic  inch  of  the  Bilin  polirschiefer  would  con- 
tain 1728  X  23,000,000=39,744,000,000  fossil  skeletons. 

A  cubic  inch  of  this  fossiliferous  rock  weighed  220  grains, 
so  that  each  grain  of  Tripoli  enclosed  about  180,000,000 
fossils ;  the  weight  of  each  fossil,  therefore,  would  be  about 
the  T^y  millionth  part  of-  one  grain.* 

One  of  the  most  singular  beds  is  that  which  has  been 
called  fossil  farina,  or  Bergmehl,  by  the  natives  of  Finland 
and  Lapland,  where  it  is  found.  This  powder  they  mix  with 
flour,  and  consider  nutritious.  The  microscope  shows  that 
it  is  composed  of  the  shields  of  Infusoria  belonging  to  the 
genera  indicated  in  the  table. 

These  fossils  are  found  likewise  in  opal  and  semi-opal,  and 
in  the  South  of  Europe  the  chalk-marls  have  yielded  nume- 
rous species.  We  have  before  us  slides  prepared  with  fossil 


FIG.  154. — Magnified  views  of  fossil  infusorial  remains. 

Infusoria  from  Bann,  in  Ireland  (fig.  154),  and  Dolgelly, 
N.  Wales.  We  see  their  remains  in  thin  slices  of  flint  and 
marble,  and  numerous  species  are  obtained  from  the  chalk 
formation.  So  much  have  their  remains  contributed  to  the 
rocks  of  this  period,  that  it  is  possible  that  on  every  glazed 

*  Taylor's  Scientific  Memoirs,  vol.  i.  p.  407. 
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visiting-card  we  use  in  social  life,  we-  leave  with  our  name 
some  cretaceous  Infusoria.  Underlying  the  city  of  Richmond, 
in  Virginia,  is  an  extensive  bed  of  fossil.  Infusoria,  of  the 
same  genera  as  those  now  living  in  the  Northern  Seas. 

It  has  been  ascertained  by  Ehrenberg  that  accumulations 
of  these  microscopic  beings  are  choking  up  the  harbour  of 
"Wismar,  in  the  Baltic,  and  that  simnar  formations  are 
effecting  changes  in  the  bed  of  the  Nile  at  Dongola,  in 
Nubia,  and  of  the  Elbe  at  Cuxhaven. 

FOEAMENIFERA. — The  singular  organisms  that  form  this 
class  are  microscopic  animals  of  a  simple  gelatinous  fleshy 
substance,  without  appreciable  organisation,  which  secretes 
a  delicate  calcareous  many-chambered  shell,  of  extreme 
beauty,  into  the  cells  of  which  the  body  of  the  animal  com- 
pletely retires.  The  gelatinous .  fleshy  material  developes 
expansions,  incessantly  variable  in  form  and  completely 
retractile  into  the  general  animal  substance,  and  which  serve 
for  swimming  and  for  crawling. 

These  beautiful  little  animals  are  alike  wonderful  for  the 
simplicity  of  their  organisation,  and  for  the  variety,  regu- 
larity, and  delicate  structure  of  their  shell,  many  of  which 
resemble  those  of  the  nautiloid  molluscs.  They  are  found 
in  great  abundance  on  the  sandy  shores  of  warm  latitudes. 

Plancus  collected  6000  shells  of  Eoramenifera  from  an 
ounce  of  sand  from  the  shore  of  the  Adriatic;  and  D'Orbigny 
found  3,840,000  in  the  same  quantity  of  sand  from  the  shores 
of  the  Antilles.* 

So  abundant  are  the  remains  of  Poramenifera,  that  they 
form  banks  that  blockade  navigable  channels,  obstruct  gulfs, 
and  fill  up  harbours,  and,  aided  by  the  incessant  labours  of 
polyps,  they  form  at  the  bed  of  tropical  seas  the  materials  of 
future  islands.  Similar  operations  have  taken  place  in  former 
periods  of  the  earth's  history.  Soldani  t  collected  from  less 
than  an  ounce  and  a  half  of  rock  from  the  hills  of  Casciana, 
in  Tuscany,  10,454  shells  of  fossil  foramenifera.  Several  of 
the  species  are  so  minute  that  500  weighed  only  a  grain,  and 
others,  more  minute,  would  require  double  that  number  to 
make  the  same  weight. 

The  calcaire  grassier  of  France    contains   the  shells   of 

*  Pictet,  tom.iv.p.  214.  f  Saggio  Orittografico,  1780,  table  iii. 
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foramenifera  in  great  abundance  ;  and  in  the  tertiary  sands  of 
Bracklesham  Bay  (the  English  equivalent  of  this  bed)  we  have 
found  a  profusion  of  the  Parisian  species.  The  subjoined 
figures  of  Eotalia  are  drawn  from  specimens  found  on  the  Ver- 
metus  Bognoriensis,  by  Mr.  Wetherell,  and  described  by  him.* 


Fio.  155. 


The  following  figure  represents  Rotalia  in  flint  from  the 
chalk. 


FIG.  156.— The  Shell  of  a  Rotalia,  containing  the  fossilised  remains  of  the 
body  of  the  animal,  in  flint  highly  magnified.] 

*  Magazine  of  Natural  History,  vol.  Hi.  p.  162. 
f  Mantell's  Isle  of  Wight. 
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Their  palaeontological  history  is  imperfectly  known ;  about 
twenty  species  are  found  in  the  oolitic  and  cretacous  rocks, 
referable  to  four  genera;  D'Orbigny  has  found  in  the  chalk 
two  hundred  and  fifty  species,  forming  thirty  genera ;  and  in 
the  tertiary  beds  four  hundred  and  sixty  species,  belonging 
to  fifty-five  genera.  Their  greatest  development  has  been 
reserved  for  the  modern  period,  for  the  same  author  has  found 
in  our  seas  nine  hundred  species,  belonging  to  sixty-eight 
genera.* 

THE  ECHINODEBMATA.— This  class  forms  the  true  type  of 
the  radiata,  and  is  composed  of  animals,  fixed  and  free,  with  a 
highly  organised  integument,  for  the  most  part  armed  with 
moveable  spines.  In  the  rayed  families,  the  organs  of  loco- 
motion are  disposed  around  a  central  axis.  In  the  spherical 
forms  they  are  ranged  in  rows  like  the  lines  of  longitude  on 
a  terrestrial  globe,  and  the  mouth  and  the  anus  are  situate 
at  the  opposite  poles.  Each  element  of  the  body  is  in 
general  repeated  five  times.  Thus,  the  sea-lily  has  five 
primary  arms  ;  the  sea-star,  five  rays ;  and  the  sea-urchin, 
five  pairs  of  perforated,  and  five  pairs  of  imperforated  plates 
in  its  shell.  The  external  surface  of  the  skeleton  supports  a 
series  of  moveable  spines,  and  the  perforated  portion  gives 
passage  to  thousands  of  tubular  feet  for  gliding  over  the  bed 
of  the  shallow  shores  they  inhabit.  The  three  higher  orders 
of  this  class,  which  have  the  holothuria,  echinus,  and  asterias 
as  their  types,  are  free  ambulatory  animals,  whilst  the  genera 
of  the  crinoid  order  are  for  the  most  part  fixed  by  a  cal- 
careous stem  like  the  polypifera.  The  higher  forms'  possess 
visual  organs.  In  the  sea-star  they  are  situate  at  the  extre- 
mities of  the  rays.  In  the  echinus,  the  mouth  is  provided 
with  five  complicated  jaws  armed  with  five  long  teeth,  and 
the  apparatus  is  moved  by  many  pairs  of  muscles ;  the  intes- 
tinal tube  makes  a  tortuous  course  around  the  shell,  and  is 
maintained  in  situ  by  a  delicate  mesentery,  and  terminates 
at  the  upper  pole  of  the  sphere.  In  the  sea-star,  the 
stomach  is  a  capacious  sac,  with  glandular  appendages  which 
branch  into  each  ray ;  and  in  the  sea-lily  it  reposes  in  the 
calyx  surrounded  by  the  arms. 

The  echinodermata  have  a  distinct  system  of  vessels  for  the 

*  Pictet,  torn.  iv.  p.  216. 
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circulation  of  the  blood,  and  the  highest  order  have  a  com- 
plicated branched  tree-like  organ  for  respiration.  In  other 
orders  the  water  is  admitted  freely  into  the  interior  of  the 
shell,  and  aerates  the  blood  as  it  circulates  through  the  body. 
The  ova  are  developed  in  a  long  complicated  ovary. 

The   class  is   divided  into  four   orders — HOLOTHUEIDA, 

ECHINIDA,  ASTEEIDA,  CEINOIDA. 

The  HOLOTHUEIDA  (sea-cucumbers)  have  a  soft  con- 
tractile body  enclosed  in  a  muscular  and  coriaceous  integu- 
ment with  tentacula  around  the  mouth,  and  rows  of  tubular 
feet,  disposed  in  longitudinal  lines  along  the  sides  of  the  body. 
None  of  this  order  have  yet  been  found  in  a  fossil  state. 

ECHINIDA  (sea-urchins)  have  a  globular  ovoid  or  de- 
pressed body  without  rays.  Their  shell  is  composed  of  a 
series  of  polygonal  calcareous  plates  arranged  in  columns. 
One  series  of  plates  have  their  surface  covered  over  with 
tubercles  for  supporting  moveable  spines.  Another  series 
have  perforations  for  the  passage  of  tubular  contractile  feet. 

The  mouth  and  the  vent  have  distinct  openings  which 
occupy  different  relative  positions  on  the  shell;  some- 
times the  vent  is  situated  on  the  summit — sometimes  on 
the  posterior  border — 
sometimes  between  the 
border  and  the  summit 
• — sometimes  at  the  under 
surface  of  the  shell,  be- 
tween the  mouth  and  the 
border. 

The  Echinida  is  divi- 
sible into  three  families 
— the  CLTPEASTEOID^, 
the  SPATANGOLDJG,  the 


FIG.  157.— 1.  Nucleolites.     2.  Cidaris  diadema. 

3.  Micraster  cor-anguiuum. 

4.  Ananchytes  ovata. 


Each  family  attained 
its  greatest  development 
at  different  periods. 

The  CLYPEASTEOID.E, 
of  which  Nucleolites  is  typical,  first  appeared  in  the  oolitic 
rocks ;  they  are  found  in  greatest  numbers  in  the  tertiary 
beds,  and  in  our  modern  seas.* 


*  Pict.  Atlas,  pi.  liv. 
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The  SPATANGOID^:,  of  which  Micraster  and  AnancTiytes  are 
types,  appeared  at  the  close  of  the  oolitic,  and  attained  a 
great  development  in  the  seas  of  the  cretaceous  period,  the 
rocks  of  which  contain  a  great  variety  of  species  very  nume- 
rous in  individuals.* 

The  CIDAKID^;  are  the  most  highly  organised,  and,  at  the 
same  time,  the  most  ancient  fainily.t  They  commenced 

in  the  permian  group 
and  the  muschelkalk, 
lived  in  the  seas  of 
the  lias,  but  had 
their  greatest  deve- 
lopment in  the  oolitic 
period.  Of  all  the 
echinidae,  this  family 
has  relatively  dimin- 
ished most  in  the 
tertiary  and  modern 
epochs. 

FIG.  158.— Cidaris  margaritifera.  The  ASTEEIDA,    Or 

sea-stars,  have  a  disc- 

oidal  body  composed  of  a  central  axis  with  branching  move- 
able  rays,  more  or  less  elongated,  generally  five  in  number, 
and  either  entire  or  branched.  The  skeleton  is  composed  of 
many  hundreds  of  calcareous  pieces  enveloped  in  an  organised 
integument.  The  nervous  system  consists  of  a  circular 
filament  which  surrounds  the  entrance  to  the  stomach,  and 
has  a  pair  of  ganglia,  and  a  lash  of  nerves  developed  for  each 
ray.  The  mouth  is  edentulous,  inferior  and  central,  and  the 
body  is  free  and  ambulatory.  J 

It  comprises  three  families,  two  of  which,  the  ASTERIADJE 
and  OpHiURiixas,  are  represented  by  a  few  species  in  the 
oolitic  and  cretaceous  rocks. 

The  CEIKOIDA,  or  sea-lilies,  are  thus  defined  by  Millar :  § 
"  An  animal  with  a  round  oval  or  angular  column,  composed 
of  numerous  articulating  joints,  supporting  at  its  summit  a 
series  of  plates  or  joints,  forming  a  cup-like  body  containing 
the  viscera,  from  whose  upper  rim  proceed  five  articulated 
arms,  dividing  into  articulating  fingers  more  or  less  nume- 

*  Pict.  Atlas,  pi.  lv.  t  Pict.  Atlas,  pi.  liii. 

J  Pict.  Atlas,  pi.  liii.  fig.  3.  §  Natural  History  of  the  Crinoidea. 
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rous,  surrounding  the  aperture  of  the  mouth,  situated  in  the 
centre  of  a  plaited  integument  which  extends  over  the  abdo- 
minal cavity,  and  is  capable  of  being  contracted  into  a  conic 
or  proboscal  shape." 

The  Encrinus  moniliformis  (fig.  159)  from  the  muschelkalk, 
and  the  Apiocrinites  rotundatus  (fig.  160)  from  the  Bradford 
clay,  will  convey  an  idea  of  the  structure  of  this  interesting 
order. 

In  the  most  perfect  type  of  crinoidean  the  skeleton  is 
composed  of  three  distinct  parts.  The  root  (fig.  160),  which 
fixes  the  animal  permanently  by  a  calcareous  secretion  to 
some  sub-marine  body:  its  form  varies  in  the  different 
genera.  The  stem,  more  or  less  elongated,  is  composed  of 
calcareous  pieces,  piled  on  each  other  to  form  a  flexible 
column  for  the  support  of  the  body  and  arms.  The  indivi- 
dual pieces  are  of  a  circular  or  pentagonal  form.  Their 
articulating  surfaces  are  exquisitely  sculptured  of  various 


FIG.  159.— Encrinites  moniliformis. 


FIG.  160.— Apiocrinites  rotundus. 


figures  which  are  permanent  in  the  species,  and  afford 
characters  for  identifying  the  same.  The  stem  in  apio- 
crinites  is  cylindrical,  slender  in  the  middle  part  and  enlarging 

Q2 
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above.  In  encrinus,  it  is  composed  of  different  sized  circular 
plates.  And  in  pentacrinus,  it  is  pentagonal.  The  body  (figs. 
159  and  161)  resembles  the  corolla  of  a  flower  supported  on  a 
stem.  It  is  composed  of  the  cupula  or  calyx,  formed  of  nume- 
rous plates  united  by  their  margins.  To  its  upper  surface 
the  five  primary  rays  are  attached.  They  present  a  great 
variety  of  forms  between  the  simple  pinnate  arms  of  apio- 
crinus  and  the  complicated  branched  rays  of  pentacrinus — 
there  is  almost  every  grade  of  development.* 

The  arrangement  of  the  plates  in  the  structure  of  the 
body  affords  good  characters  for  generic  division.  The  parts 
now  described  do  not  exist  in  all  crinoideans  ;  thus,  coma- 
tula  has  neither  stem  nor  root,  and  in  marsupites,  (fig.  161) 
the  cupula  is  in  the  form  of  a  purse,  composed  of  one  cen- 
tral and  three  ranges  of  large  polygonal  plates.  Each  range 
having  five  plates,  the  central  plate  has  no  articulating  sur- 
face for  a  stem,  and  the  superior  plates  support  the  five  arms. 

This  figure  of  marsupites  ornatus, 
(fig.  161)  from  the  Sussex  chalk, 
exhibits  one  of  those  extinct  crinoi- 
dea  which  formed  the  connecting 
link  between  this  order  and  the 
genus  euryale,  one  of  the  asterida. 
The  astrocrinida,  echinocrinida, 
and  the  cystidre  possess  a  stem, 
but  are  destitute  of  arms ;  whilst 
in  the  typical  genera  these  parts 
are  all  present. 

The  number  of  pieces  required 
to  compose  the  skeleton   of  the 
true  crinoidea  is  very  great ;  thus, 
Parkinson   calculated  that  there 
were  26,000  separate  elements  in 
the  skeleton  of  encrinus  monili- 
formis ;  and   Buckland  estimates 
that  there  are  above  150,000  ele- 
FIG.  lei.— The  marsupite.        nients     in    that    of   pentacrinus 
briareus  of  the  lias.    The  palaeon- 
tological  history  of  the  echinodermata  presents  us  with  some 

*  Pict.  Atlas ;  beautiful  figures  of  this  interesting  order  are  contained  in 
plates  xlvi.  to  lii.  ;  see  pi.  xlvii.  for  anatomical  details. 
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interesting  facts.  The  different  groups  which  compose  this 
class,  have  had  their  principal  development  at  very  different 
epochs.  The  stalked  crinoidea  are  extremely  abundant  in  the 
palaeozoic  rocks:  entire  strata  are  in  fact  sometimes  composed 
of  the  debris  of  their  skeletons,  and  their  ramose  arms  covered 
the  bed  of  many  an  ancient  sea.  Their  genera  and  species 
were  greatly  diminished  in  the  triasic  and  oolitic  periods.  A 
few  species  are  found  in  the  cretaceous  rocks,  and  they  are 
represented  in  our  modern  seas  by  one  rare  species. 

The  asterida  have  an  inverse  history.  We  know  a  few 
species  in  the  trias  oolites  and  chalk,  whilst  the  present  seas 
of  all  latitudes  abound  with  numerous  species. 

The  ecJiinida  occupy  an  intermediate  position  between 
these  extremes.  They  are  rare  in  the  primary  epoch — in- 
crease in  the  trias — attain  their  maximum  development  in 
the  oolitic  period,  and  gradually  decline  in  the  cretaceous 
and  tertiary  strata. 


SECOKD  DIVISION. 
MOLLUSCA,  Cuvier.     CYCLO-GANGKLIATA,   Grant. 

Body  inarticulate,  soft  and  pulpy,  for  the  most  part 
enclosed  in  a  calcareous  envelope  or  shell.  Nervous  system 
composed  of  ganglia  dispersed  through  the  body,  and  united 
into  a  circle  by  connecting  filaments.  The  oesophagus  sur- 
rounded by  a  nervous  collar  ;  the  large  ganglia  reposing  on 
this  tube  represent  the  brain.  The  encephalous  orders 
possess  organs  of  sense.  Their  blood  circulates  in  a  system 
of  arteries  and  veins,  aided  by  the  contraction  of  a  two- 
chambered  heart.  The  terrestrial  and  most  of  the  lacustrine 
species  breathe  by  an  air-sac  or  lung ;  and  all  the  marine, 
and  most  of  the  lacustrine  species,  have  branchiae  for  respi- 
ration. Their  shells  are  composed  of  a  cellular  albuminous 
membrane,  indurated  with  the  carbonate  of  lime,  secreted  by 
a  portion  of  the  tegumentary  system,  called  the  mantle. 
The  shell  is  for  the  most  part  external,  and  presents  a  vast 
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variety  of  forms.  Sometimes  it  is  internal,  and  appears 
like  a  rudimentary  bone.  The  mollusca  are  for  the  most 
part  marine  animals.  Many  are  lacustrine,  and  a  few  are 
terrestrial. 

The  character  of  the  shells  varies  with  the  habitat  of  the 
species.  They  are  for  the  most  part  large  and  heavy  in  the 
marine,  and  light  and  delicate  in  the  lacustrine  and  terrestrial 
species,  although  there  are  many  exceptions  to  this  rule. 

The  primary  division  of  this  class  depends  on  the  deve- 
lopment of  the  nervous  system,  and  on  the  presence  or 
absence  of  the  ganglia,  that  represent  the  brain.  The  first 
form  the  ENCEPHALOUS,  the  second  the  ACEPHALOUS  section. 

The  ACEPHALOUS  Molluscae  are  all  aquatic.  Their  dis- 
tribution into  classes  depends  on  the  character  of  the  integu- 
ment and  the  shell,  and  on  the  modifications  of  the  respiratory 
organs ;  it  consists  of  three  classes  : — 

The  Tunicata  have  no  shell,  and  are  enclosed  in  an  elastic 
muscular  sac,  with  two  openings ;  some  are  solitary,  others 
are  social,  and  organically  united  in  groups  like  polyps. 

The  Brachiopoda  are  enclosed  in  a  bivalve  shell.  They  have 
two  long  spiral  arms  developed  from  the  sides  of  the  mouth, 
and  fixed  to  an  internal  frame  work.  They  respire  by 
means  of  the  vascular  membrane  which  lines  the  shell. 

The  Conchifera  have  a  bivalve  shell ;  they  respire  by 
laminated  branchiae,  attached  to,  but  distinct  from,  the 
mantle  ;  most  of  them  have  a  fleshy  foot  for  locomotion. 

The  ENCEPHALOUS  Molluscae  are  divided  into  classes  ac- 
cording to  the  modifications  of  the  organs  of  locomotion. 

The  Gasteropoda  are,  for  the  most  part,  enclosed  in  a 
univalve  shell.  They  creep  by  means  of  an  undivided 
muscular  disc  or  foot,  situated  on  the  under  surface  of 
the  body. 

The  Pteropoda  swim  by  two  membranous  wing-like  ex- 
pansions situated  at  the  sides  of  the  neck.  When  they  have 
a  shell  it  is  thin,  fragile,  and  univalve. 

The  Cephalopoda  have  all  or  part  of  their  locomotive 
organs  arranged  round  the  head,  in  the  form  of  eight  or 
more  arms  or  tentacula,  with  or  without  sucking  discs. 

Some  have  internal  symmetrical  bones,  as  the  Sepia  and 
Loligo.  Others  have  an  external,  many-chambered  shell, 
with  a  siphuncular  tube  passing  through  the  chambers,  like 
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the  Nautilus.  This  multilocular  dwelling  is  rolled  into  a 
variety  of  forms,  being  circular,  scaphite,  or  turreted,  in  the 
different  genera. 

As  it  is  most  important  that  the  student  should  possess 
clear  ideas  of  the  classes  of  the  Mollusca,  we  have  exhibited 
their  most  important  characters  in  the  subjoined  table  : — 

'The  body  in  the  form  of  a  sac,  open"| 
before,  from    whence    the    head  I  p 
protrudes,  surrounded  by  eight  or  f 
more  feet,  or  tentacula 


(  Membranous  ex-  -, 

The 

pansions  situ- 

ENCEPHALOUS   - 

ated    at     the  >PTEROPODA. 

have 

The  body   with- 

sides   of    the 

out  feet,  around 

neck      .     .     J 

the  head  ;  organ 

of    locomotion 

A  muscular  disc~| 

in  the  form  of 

extended  along  1  ~ 
the  under  sur-  f  GASTEROPODA. 

„    face  of  the  body  J 

'  Four   laminated    branchiae    distinct  1 

from  the  mantle,  and  generally  a  >•  CONCHIFERA. 

fleshy  foot                                   .      J 

C  Two    long    cili-  "^ 

The 

ated  arms  at-  1 

ACEPHALOUS     -J 
have 

No    laminated 

tached  to  pro    '        ACHIOPODA> 
cesses  on  the 

V. 

branchiae    dis- 

inner  side   of 

tinct  from  the  -[       the  shell    .      J 

mantle,andno 

fleshy  foot  . 

No    spiral    arms"| 

^ 

nor  special  or-  1  TDNJCATA> 
gans  tor  loco-  I 

motion       .     J 

TUNICATA.  In  consequence  of  the  absence  of  calcified 
parts  in  the  tunicata,  their  remains  have  not  been  recognised 
in  a  fossil  state.  As  the  other  classes  of  mollusca  are  nearly 
all  enclosed  in  shells,  these  external  skeletons  are  well 
preserved  in  the  rocks  of  all  periods,  and  form  the  most 
numerous  and  valuable  groups  of  fossil  remains. 

The  BKACHIOPODA,  or  arm-footed  molluscs,  are  marine 
animals  enclosed  in  bivalved  shells,  attached  to  foreign 
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bodies  by  a  ligament.  They  have  two  long,  fleshy  arms, 
fringed  with  filaments,  which  they  can  protrude  to  a  distance 
from  their  body,  and  retract  in  spiral  coils  at  pleasure.  The 
shell  in  which  these  curious  arms  are  lodged,  is  lined  with 
a  vascular  bilobed  mantle,  to  which  the  functions  of  shell- 
secretion  and  respiration  are  assigned. 

Among  existing  genera  the  ligament  of  attachment  is 
long  in  Lingula,  and  permits  the  shell  to  float.  OrHcula 
is  sessile,  and  adheres  by  one  end  of  a  short  muscle  which 
perforates  the  valve.  Terebratula  is  attached  by  a  short 
pedicle  which  passes  through  a  hole  in  the  beak-like  process 
of  the  valves,  (fig.  162  and  163). 

The  body  is  so  placed  in  the  shell  that  the  back  cor- 
responds to  the  centre  of  one  valve,  and  the  abdomen 
to  the  centre  of  the  other.  The  shell  is  consequently 
equilateral,  and  its  valves  are  called  dorsal  and  ventral. 
Professor  Owen  says,  that  "  in  the  terebratula  the  perfo- 
rated valve  must  be  regarded  as  the  inferior  or  ventral  one, 
and  the  imperforate  or  shorter  valve  the  dorsal  one." 
Professor  Pictet  holds  a  contrary  opinion ;  he  says,  "  the 
ventral  valve  is  the  smallest  and  generally  supports  in  its 
interior,  near  to  the  hinge,  the  apophysal  apparatus ;  the 
dorsal  valve  is  the  largest,  and,  in  most  genera,  develops  a 
beak-shaped  process.  The  part  which  is  bent  against  the 
ventral  valve  is  called  the  area;  the  central  part  marked  with 
lines  of  growth  is  the  deltidium" 

The  form  and  structure  of  the  area  and  deltidium  afford 
good  generic  characters.  The  valves  are  frequently  united  by 
a  bidentate  hinge,  the  teeth  of  which  so  perfectly  inter-lock 
in  terebratula,  that  the  valves  are  separated  with  difficulty. 
For  this  reason  they  are  rarely  found  asunder  in  a  fossil 
state. 

The  palaeontological  history  of  this  class  is  deeply  interest- 
ing ;  it  has  been  represented  in  the  seas  of  all  periods,  and 
formed  a  fourth  part  of  the  mollusean  population  of  the 
primary  epoch. 

In  the  secondary  periods  their  numbers  were  relatively 
greatly  diminished,  and  in  the  tertiary  seas,  the  brachiopoda 
formed  about  one  per  cent,  of  the  whole. 

This  class  illustrates,  in  a  satisfactory  manner,  the  law  of 
the  speciality  of  fossils. 
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Thus,  caJceola,  cJionetes,  leptana,  productus,  are  found  only 
in  the  palaeozoic  rocks.  Spirifer  extends  into  the  lias. 

Atrypa,  gypidium^  and  pentamerus,  are  ancient  forms  of 
terebratula,  which  lived  only  in  the  primary  epoch,  whilst 
the  typical  form  of  that  genus  nourished  in  the  secondary 
periods  to  such  an  extent  that  entire  beds  are  sometimes 
composed  of  its  shells.  A  few  species  live  in  our  modern 
Beas. 


FIGS.  162, 163.— Terebratula  with  the  valves  in  contact,  from  the  coralline 
crag  of  Sudburn,  Suffolk. 

The  COKCHIFEEA  are  all  enclosed  in  bivalved  shells 
articulated  together  in  a  hinge-like  manner.  The  animal  is 
so  placed  in  the  shell  that  its  back  corresponds  to  the  hinge, 
and  the  one  valve  covers  the  right,  and  the  other  the  left 
side  of  the  body;  a  position  the  reverse  of  that  of  the 
brachiopods,  where  one  valve  is  dorsal  and  the  other 
ventral. 

The  shell  is  lined  with  a  vascular  membrane  called  the 
mantle,  which  surrounds  the  body  and  secretes  the  shell. 
The  animal  is  attached  to  its  calcareous  envelope  by  one  or 
more  muscles  to  close  the  valves  and  antagonise  the  elastic 
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ligament  of  the  hinge,  which  constantly  tends  to  open  them 
asunder. 

The  animal  has  no  head;  the  mouth  is  situated  at  the 
anterior  part  of  the  body  and  is  surrounded  by  fleshy  lips. 

It  opens  into  a  short  ossophagus  which  leads  into  a 
stomach  and  intestine  of  various  lengths,  and  terminates 
in  an  anus.  There  is  a  large  glandular  liver  for  secreting 
bile,  which  is  poured  by  numerous  ducts  into  the  digestive 
tube. 

Circulation  is  accomplished  by  arteries  and  veins,  aided  by 
a  symmetrical  two-chambered  heart ;  the  ventricle  of  which 
in  some  genera  surrounds  a  part  of  the  intestine,  the  rectum. 

Respiration  is  performed  by  four  equal-sized  branchial 
leaflets  distinct  from  the  mantle,  and  arranged  symmetrically 
on  each  side  of  the  body. 

The  nervous  system  consists  of  ganglia,  situated  at  the 
anterior  and  posterior  parts  of  the  body,  from  whence  nerves 
proceed  to  the  labial  organs,  the  adductor  muscles,  branchiae, 
viscera,  mantle,  and  foot. 

In  the  pecten  a  number  of  bright  little  ocelli,  or 
eyes,  like  small  emeralds,  are  set  round  the  free  margin  of 
the  mantle.  These  organs  of  vision  are  found  in  several 
genera  of  the  class,*  as  area,  cardium,  &c. 

The  shell  consists  of  the  hardening  material,  the  carbonate 
of  lime,  deposited  in  an  organised  gelatinous  cellular  mem- 
brane. The  forms  of  the  cells  and  structure  thereof  vary 
in  the  different  families.  The  animal  membrane  and  earthy 
matter  are  arranged  in  successive  layers,  the  number  of  which 
increases  with  the  growth  of  the  mollusc,  the  largest  and 
outermost  being  the  last  formed,  as  seen  in  amcula  longi- 
costata  (fig.  164)  from  the  lias. 

The  shell  consists  of  external  fibrous  and  internal  nacreous 
layers.  These  two  portions  are  often  detached  in  fossil  speci- 
mens. The  internal  nacreous  lamina  receives  the  imprint  of 
the  mantle,  the  insertion  of  the  muscles,  and  forms  the  hinge 
for  uniting  the  valves.  The  preservation  of  this  layer  is  of  great 
importance  to  the  palaeontologist,  as  the  impressions  made 
upon  it  by  the  organised  parts  of  the  body  of  the  mollusc 
reveal  the  organisation  of  its  ancient  fabricator,  with  as 

*  Duvernoy  du  Spteme  Nerveux  des  Mollusques. 
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much  accuracy  as  do  the  forms  and  processes  of  fossil  bones 
that  of  the  vertebrate  animals  to  which  they  belonged. 

As  our  limits  prevent  us  from  giving  a  detailed  description 
of  the  different  parts  of  this  calcareous  envelope,  we  refer  the 
student  to  the  plate  of  the  shells  and  description  thereof, 
and  to  Sowerby's  Illustrated  Conchological  Manual,  for 
details  on  this  part  of  the  subject,  and  likewise  for  a  descrip- 
tion of  recent  and  fossil  genera. 

In  the  grouping  of  this  class  the  adductor  muscles  were 
regarded  by  Lamarck  as  affording  a  primary  character ;  hence 
his  division  into  Monomyaria  and  Dimyaria,  according  as 
they  had  one  or  two  muscular  imprints  in  each  valve. 

The  foot  is  a  muscular  organ  which  most  conchifera 
possess.  It  is  employed  for  digging,  leaping,  and  swimming, 
and  other  locomotive  acts ;  and  its  form  varies  in  the  dif- 
ferent genera.  The  following  table  of  the  families,  by 
Deshayes,  will  assist  the  student  to  understand  the  value  of 
the  characters  on  which  he  has  grouped  this  class  : — 


DIMYARIA 


CONCHIFERA 


MONOMYARIA       I  Having  a  foot     . 
L  Having  no  foot  . 


f  TUBICOL*. 
PHOLADARI&. 
OSTEODESMATA. 
MACTRACEJE. 
TELLINIDES. 

CoNCHjE. 

CYCLADES. 

CARDIACE.E. 

LTRIDACNE.B. 

TNAYADE8. 

The  lobes  of  the  mantle  I  TRIGONE.E. 
disunited    .     .     .       |  ARCACE^E. 
(^ 


f  The  lobes  of  the  mantle 
united  in  a  greater 
or  less  degree,  poste- 
riorly .... 


f  MALLEACE.S:. 
|  PECTINIDES. 

OSTRACEJE. 


The  shells  of  the  conchifera  are  found  in  the  most  ancient 
rocks ;  their  generic  forms  have  slightly  varied  during  the 
long  periods  of  time  which  have  elapsed  between  the  primary 
epoch  in  which  they  commenced  life,  and  the  modern  seas 
where  they  so  greatly  abound.  Most  of  the  genera  which 
lived  in  the  ancient  periods  exist  at  the  present  time,  al- 
though the  species  has  changed  from  one  period  to  another. 

Nothing  is  observed  in  the  history  of  this  class  to  justify 
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the  supposition  that  there  is  any  process  of  development 
from  lower  to  higher  forms. 

"We  find  some  families  prevailing  at  one  period  more  than 
at  another ;  for  example,  the  trigonece  in  the  oolitic.  The 
pernce  and  gryphece  in  the  neocomian  rocks. 

The  most  remarkable  changes,  however,  have  taken  place 
in  species  at  different  periods.  Thus  Dr.  Grant  *  has  shown, 
in  an  analysis  of  Deshayes'  labours  on  tertiary  shells,  that 
"nearly  a  thousand  fossil  species  of  concJiifera  have  been 
obtained  from  the  tertiary  strata,  and  more  than  a  seventh 
part  of  these  are  found  to  be  identical  with  living  species  of 
the  same  or  of  distant  latitudes.  Seventy-two  species  of 
ostrea  have  been  observed  in  tertiary  strata  of  Europe,  and 
of  these,  seven  are  identical  with  species  now  living  in  the 
ocean ;  of  sixty  tertiary  fossil  species  of  pecten,  thirteen  are 
identical  with  the  living ;  of  fifty-four  tertiary  species  of 
area,  thirteen  are  also  recent ;  of  fifty  tertiary  venericardite, 
six  are  still  living ;  of  fifty-nine  cytherce,  ten  are  recent ;  of 
fifty-nine  lucina,  nine  are  recent ;  of  fifty-four  telling,  twelve 
are  recent ;  of  thirty-five  corlulce,  one  is  recent ;  of  forty- 
three  veneres,  nine  are  recent ;  of  thirty -nine  cardia,  seven 
are  recent ;  of  twenty-seven  pectunculi,  four  are  recent ;  of 
twenty-three  nuculte,  four  are  recent;  of  twenty  chamce, 
four  are  recent;  and  of  twenty-one  tertiary  species  of  modiola, 
three  are  found  to  be  identical  with  the  existing  species. 

"But  in  the  same  genera  of  bivalved  mollusca  the  number 
of  species  found  imbedded  in  the  tertiary  strata  often 
exceeds  that  of  the  species  now  known  in  a  living  state : 
thus,  twenty-three  species  of  nucula  are  met  with  in  the 
tertiary  strata,  and  only  seven  species  are  now  known  in  a 
living  state ;  there  are  fifty  known  tertiary  species  of  veneri- 
cardium,  and  only  twenty-five  recent  species;  there  are 
nineteen  tertiary  species  of  astarte  and  only  three  recent ; 
fifty-nine  tertiary  lucinee,  and  twenty  living ;  thirty-five 
tertiary  corbulce,  and  ten  recent ;  twenty-three  tertiary 
erycintB,  and  three  recent ;  twenty-four  tertiary  crassatellce, 
and  nine  recent.  In  many  of  the  other  genera  of  this  class, 
the  number  of  recent  species  much  exceeds  that  of  the 
species  hitherto  found  in  the  tertiary  strata;  thus  one 

*  Thomson's  British  Annual,  1832,  p.  245. 
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hundred  and  one  species  of  venus  are  at  present  known  to 
inhabit  our  seas,  and  only  forty-three  species  of,  this  genus 
have  been  met  with  in  the  tertiary  strata ;  of  cythercea,  eighty  - 
five  recent  species  are  known,  and  only  fifty-nine  tertiary 
species;  of  cardium  fifty-three  recent,  and  thirty-nine  tertiary; 
ofmytilus,  forty- two  recent,  and  fifteen  tertiary ;  of  spondylus, 
twenty -five  recent,  and  nine  tertiary ;  of  unio,  sixty-five 
recent,  and  only  two  tertiary ;  from  the  sub-apennine  and 
the  London  basin  fresh- water  formations." 

It  appears,  therefore,  that  there  has  been  a  constant  oscil- 
lation in  the  numbers  of  species  in  each  genus  in  the  tertiary 
as  compared  with  the  modern  epoch ;  but  there  has  been  no 
gradual  perfectioning  of  the  same. 


FIG.  164.— Avicula  langicostata,  Stutchb. 

The  GrASTEBOPODA  are  characterised  by  the  possession  of 
a  muscular  disc  or  foot,  placed  along  the  under  surface  of 
the  body,  by  which  they  slowly  creep. 
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In  one  family  this  organ  is  modified  into  an  oar  for  swim- 
ming. 

The  head  supports  from  two  to  six  tentacula  placed  above, 
but  never  around  the  mouth :  sometimes  they  are  absent, 
— they  perform  the  function  of  touch,  and  probably  those  of 
smell  and  taste. 

The  eyes  are  small,  and  two  in  number ;  sometimes  they 
are  sessile  on  the  head,  sometimes  they  are  placed  at  the 
base,  at  the  sides,  or  at  the  extremities  of  the  tentacula,  and 
sometimes  they  are  absent. 

The  nervous  system  consists  of  several  ganglia  dispersed 
through  the  body,  and  of  a  bilobed  brain  which  occupies  the 
upper  surface  of  the  oesophagus ;  and  this  tube  is  encircled 
by  a  nervous  ring ;  from  the  ganglia,  nerves  proceed  to  the 
special  organs  of  sense,  the  foot,  branchiae,  digestive  and 
generative  organs. 

The  superior  part  of  the  body  is  covered  with  a  fleshy 
mantle,  which  assumes  a  variety  of  forms.  Some  gasteropods 
are  naked,  and  others  have  a  shell  concealed  in  the  mantle ; 
but  the  greatest  number  have  for  the  most  part  a  univalved 
shell,  into  which  the  animal  can  retire.  As  this  organ  is  the 
only  part  of  their  bodies  preserved  in  a  fossil  state,  it  is 
important  that  the  student  should  make  himself  acquainted 
with  its  anatomy. 

We  subjoin,  in  an  extended  form,  an  explanation  of  fig.  165, 
and  a  description  of  the  separate  parts  of  the  shells  there 
depicted,  commencing  with  the  univalves. 


a.  Spire  (fig.  1) 
&.  Body-whorl 

c.  Beak 

d.  Base 

e.  Canal 

/.    Aperture 

g.  Labrum,  or  outer  lip 

h.  Labium,  or  columellar  lip 

i.    Whorls,  or  Volutions 

Jc.  Sutures 

Z.    Apex 

m.  Back  (fig.  3) 

n.  Varices 

o.  Columella  (fig.  4)  § 

p.  Septa  (fig.  5) 

q.  Umbilicus  (fig.  6) 


r.  Area,  or  anterior  slope  (fig.  7) 

s.  Areola,  or  posterior  slope 

t.  Umbones  (fig.  8) 

u.  Hinge 

v.  Ligament  (fig.  2) 

w.  Disk  (fig.  7) 

x.  Umbo 

y  Base,  or  Ventral  Margin 

z.  Height  (fig.  9) 

o  Length 

b'  Auricles 

c'  Left  valve  (fig.  2) 

d'  Right  valve 

e  Valves  (fig.  10) 

/'  Lunule,  or  anal  depression  (fig.  2) 

$  Corselet,  or  escutcheon. 
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The  spire,  fig.  1,  «,  consists  of  all  the  whorls  of  the  shell, 
except  the  last,  which  is  called  the  body  of  the  shell.  The 
spire  forms  a  very  important  feature  in  the  univalves,  and  on 
its  being  raised,  flattened,  concealed,  or  reversed,  depend 
many  of  the  generic  and  specific  distinctions  of  the  shells. 

The  body-whorl,  fig.  1,  £,  is  the  lowest ;  it  forms  the  aper- 
ture, and  is  larger  than  the  others. 

The  beak,  or  rostrum,  fig.  1,  c,  is  that  lengthened  process 
in  which  the  canal  is  situate  ;  it  commences  a  little  higher 
up,  on  the  outside,  than  the  insertion  of  the  canal  on  the 
inside,  which  is  always  distinctly  marked  by  the  line  of  the 
aperture. 

The  base,  figs.  1  and  3,  d,  in  shells  with  a  beak,  is  the 
extreme  point;  in  those  without  a  beak,  it  is  the  lowest 
part  opposite  the  cvpex. 

The  canal,  figs.  1  and  4,  e,  is  the  elongation  of  the  aper- 
ture, in  both  lips  of  those  shells  which  have  a  beak,  in  which 
it  forms  a  channel,  running  from  the  aperture  to  the  base. 

The  aperture  or  mouth,  figs.  1  and  43c/^  is  the  opening  of 
the  lower  whorl,  from  which  the  animal  protrudes  ;  it  con- 
stitutes one  of  the  most  important  generic  distinctions  of 
univalve  shells,  and  differs  much,  being  in  form  circular, 
crescent-shaped,  angular,  linear,  &c.,  &c.  Some  apertures 
have  a  canal  at  their  base,  others  have  none. 

In  some  genera  it  extends  the  whole  length  of  the  shell, 
as  in  the  cyprcea,  and  some  of  the  cones  with  depressed  spires. 

The  labrum,  or  outer  lip,  figs.  1  and  4,  y,  is  the  expansion, 
or  continuation  of  the  body  of  the  shell,  on  the  right  margin 
of  the  aperture,  and  is  lined  with  the  same  pearly  process  as 
the  aperture  itself. 

The  labium,  or  columellar  lip,  figs.  1  and  4,  7i,  is  a  conti- 
nuation of  the  nacreous  layer  of  the  aperture,  expanded  on 
the  columella. 

The  whorls,  fig.  1,  i,  are  the  volutions  of  the  shell,  taper- 
ing gradually  upwards,  from  the  lower  and  largest,  to  the 
uppermost  and  smallest,  at  the  summit. 

The  suture  of  the  whorls,  fig.  1,  &,  is  a  fine  spiral  line, 
which  separates  the  volutione  from  each  other.  It  is  occa- 
sionally crenulated,  undulated,  sulcated,  and  sometimes 
raised  or  projecting. 

The  apex,  fig.  3,  Z,  is  the  highest  point  of  the  spire. 
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The  back,  fig.  3,  m,  is  the  side  directly  opposite  to  that  in 
which  the  aperture  is  placed. 

The  varices,  fig.  3,  n,  are  ribs  which  cross  the  volutions 
in  some  species  of  buccinum,  murex,  and  triton.  They  are 
formed  by  the  periodical  growth  of  the  shells  ;  the  varices 
being  the  former  margin  of  the  outer  lip,  to  which  the  animal 
has  attached  its  successive  enlargements. 

The  columella,  or  pillar,  fig.  4,  0,  is  that  process  which 
runs  through  the  centre  of  the  shell  from  the  base  to  the 
apex,  and  is  formed  by  the  inner  sides  of  the  volutions  of  a 
spiral  univalve.  It  constitutes  an  important  feature  in  these 
shells  ;  on  the  mode  in  which  it  is  striated,  grooved,  folded, 
or  otherMrise  marked,  depend  the  generic  and  specific  dis- 
tinctions of  many  shells.  It  also  forms  the  axis  of  revolution 
around  which  the  volutions  are  turned.  In  consequence  of 
the  heart  and  great  blood-vessels  being  usually  placed  on 
the  left  of  the  shell,  the  turns  are  commonly  made  from 
right  to  left ;  on  the  contrary,  where  the  heart  and  blood- 
vessels are  placed  on  the  right  side,  the  volutions  are 
reversed,  and  proceed  from  left  to  right.  In  the  first 
instance,  the  shell  is  termed  dextral ;  in  the  latter,  it  is 
called  sinistral,  or  reversed. 

The  septa,  or  chambers,  fig.  5,  p,  are  the  cavities,  divided 
by  partitions,  as  in  the  nautilus,  spirilla,  &c. 

The  umbilicus,  fig.  6,  q,  is  a  circular  perforation  formed  in 
the  base  of  many  univalve  shells,  when  the  inner  side  of 
the  volutions  do  not  join  each  other,  so  that  the  axis  is 
hollow.  Such  is  the  case  in  the  genus  trockus,  in  some 
species  of  which  it  penetrates  from  the  base  to  the  apex. 
Those  shells  which  have  no  umbilicw  are  termed  imper- 
forate. 

BIVALVED  SHELLS. — Pig.  2  represents  a  bivalve  shell 
placed  in  its  right  position,  which  is  that  in  which  the 
animal  is  supposed  to  be  walking  along  the  bed  of  the  sea, 
by  means  of  its  foot ;  the  opening  of  the  valves  through 
which  the  foot  protrudes  is  the  ventral  margin,  and  the 
opposite,  the  back,  or  dorsal  margin.  If  the  animal  is  walk- 
ing forward,  with  its  back  to  the  observer,  the  right  and  the 
left  valves  will  correspond  with  his  right  and  left  sides ;  in 
fig.  2  the  shell  is  represented  in  this  position ;  therefore  d 
is  the  right  valve  and  c  the  left. 
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The  area,  or  posterior  slope,  fig.  7,  r,  is  that  part  of  the 
shell  in  which  the  ligament  is  placed. 

The  areola,  or  anterior  slope,  fig.  7,  s,  is  the  space  oppo- 
site to  that  in  which  the  ligament  is  placed. 

The  umbones,  fig.  7  and  8,  are  the  prominent  points  of  the 
dorsal  margin.  They  vary  much  in  form,  being  proximate  or 
remote,  straight  or  bent,  in  the  different  families ;  in  Pedun- 
culus,  they  are  straight ;  in  Venus,  curved  towards  the 
anterior  margin  ;  in  Isocardia,  spiral;  in  Chama,  decumbent; 
in  Diceras,  free. 

The  hinge,  fig.  8,  u,  is  the  point  of  the  dorsal  margin 
at  which  bivalve  shells  are  united,  either  by  the  teeth  of 
one  valve  inserting  themselves  between  those  of  the  opposite 
valve,  or  by  a  process  of  one  fitting  into  a  cavity  of  the  other. 
The  construction  of  the  hinge,  in  conjunction  with  the 
general  contour  of  the  shell,  affords  generic  characters  for  this 
class. 

The  ligament,  fig.  2,  v,  is  that  flexible,  cartilaginous  sub- 
stance by  which  the  valves  are  united,  and  the  shell  opened, 
by  means  of  its  elasticity.  It  is  always  situated  under  the 
umbones. 

The  disk,  fig.  7,  w,  is  the  convex  centre  of  a  valve,  or  its 
most  prominent  part. 

The  base,  or  ventral  margin,  fig.  7,  y,  is  the  part  imme- 
diately opposite  the  umbones. 

The  height,  fig.  9,  z,  is  measured  from  the  umbo  to  the 
ventral  margin. 

The  length,  fig.  9,  a',  is  calculated  from  the  extreme  edge 
of  the  anterior  and  posterior  slopes,  being  in  a  contrary 
direction  to  the  height. 

The  auricles,  fig.  9,  br,  b',  are  the  processes  on  each  side  of 
the  umbones.  Some  species  of  pectens  have  one  ear  very  large, 
and  the  other  extremely  small ;  while  some  are  scarcely  dis- 
cernible on  one  side. 

The  valves  of  a  multivalve  shell  are  depicted  in  fig.  10,  e'. 

The  lunule,  fig.  2,^,  is  the  small  depression  on  the  dorsal 
margin,  anterior  to  the  umbones. 

The  corselet,  or  escutcheon,  fig.  2,  g',  is  the  larger  de- 
pression posterior  to  the  umbones. 

There  are  a  few  other  terms  which  may  require  explana- 
tion ;  thus  the  muscular  impression  is  the  mark  made  by  the 
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insertion  of  the  muscle  into  the  valve.  It  is  single  or  double, 
accordingly  as  the  animal  possesses  one  or  two  muscles  ;  and 
varies  in  shape,  being  circular,  ovate,  lunate,  elongated,  &c. 
The  concliifera,  as  they  respectively  possess  one  or  two 
muscles,  are  termed  monomyaria  and  dimyaria. 

Stria  are  fine  thread-like  lines  on  the  external  surface  of 
shells.  They  are  sometimes  both  longitudinal  and  transverse 

If  both  valves  are  of  the  same  size,  the  shell  is  said  to  be 


Wf  t/Wl/t/L/« 

If  one  valve  is  larger  than  the  other,  it  is   said  to   be 


If  both  sides  are  equal,  it  is  termed  equilateral ;  if  one  is 
larger  than  the  other,  it  is  called  inequilateral ;  while  the 
prefix  sub,  means  nearly, — thus,  subequivalve,  signifies  nearly 
equivalve,  &c. 

THE  TEETH. — The  teeth  constitute  an  important  struc- 
ture, since  they  serve  for  the  definition  of  generic  characters. 
They  are  cardinal,  that  is,  placed  in  the  centre  ;  or  lateral, 
that  is,  diverging  from  the  umbones ;  they  also  vary  exten- 
sively in  shape  and  direction,  being  incurved,  or  bent  round, 
recurved,  or  turned  back,  large  or  small,  numerous,  few, 
rounded,  flattened,  &c.,  &c. 

The  function  of  shell-secretion  is  performed  by  the 
glandular  free  margin  of  the  mantle.  Like  the  shells  of 
conchifera,  those  of  the  gasteropoda  are  sometimes  composed 
of  several  pieces,  as  in  the  chitons.  (Fig.  10.) 

The  shells  of  the  great  majority  of  gasteropoda  are  rolled 
obliquely  in  consequence  of  the  unequal  development  of  the 
two  sides  of  the  body  of  the  animal.  They  then  form  a  helix, 
or  an  oblique  spiral.  Sometimes  the  coil  is  towards  the  right ; 
at  other  times  it  is  towards  the  left  side  :  the  direction  of  the 
spiral  is  in  general  constant  in  the  species. 

Some  shells  have  a  patelloid  form,  and  are  symmetrical 
without  being  spiral ;  and  there  are  various  intermediate 
forms  by  which  these  two  extremes,  the  patelloid  and  spiral, 
are  blended  into  each  other.  Some  shells  vary  much  in  form 
at  different  periods  of  growth,  as  shown  in  the  beautiful 
cyprcGcdssis  rufa  found  by  Mr.  Stutchbury  among  the  reefs 
of  Paumotus,  in  the  South  .Pacific,*  (fig.  166),  where 

*   Magazine  of  Natural  History,  vol.  i.,  new  series. 
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figure  a  shows  the  mature,  and  figure  b  the  immature  shell. 
This  important  fact  should  be  recollected  by  the  young 
naturalist.  For  further  details  on  the  anatomy  of  the  shell, 
we  refer  to  fig.  165,  and  the  description  thereof. 

The  mouth  is  surrounded  by  fleshy  contractile  lips,  some- 
times armed  with  teeth.  We  observe  in  some  a  singular 
file-like  organ,  which  extends  into  the  intestinal  canal.  It  is 
formed  of  a  ribbon-like  membrane,  which  develops  a  series 
of  tooth-like  processes,  the  form  and  disposition  of  which 


FIG.  166.— Cyprvecdssis  rii/a;  a,  mature  ;  b,  immature. 

vary  in  the  different  genera.  These  palates,  as  they  are 
called,  form  beautiful  microscopic  objects,  when  neatly  dis- 
sected out  and  mounted  in  Canada  balsam.  Those  of  bucci- 
num,  nerita,  patella,  chiton,  and  doris  are  interesting  objects 
when  viewed  by  polarised  light. 

The  stomach  is  capacious,  and  is  often  armed  with  calca- 
reous plates  for  dividing  the  food.  The  intestine  is  coiled 
upon  itself,  and  lies  between  the  lobes  of  the  liver  and  ovary, 
and  terminates  in  an  anal  aperture. 
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The  heart  is  composed  of  an  auricle  and  ventricle.  Its 
position,  with  that  of  the  respiratory  tube,  is  always  on 
the  side  opposite  ,to  that  towards  which  the  shell  is 
coiled. 

As  the  genera  of  this  class  are  terrestrial,  lacustrine,  and 
marine,  the  organs  of  respiration  are  modified  in  accordance 
with  the  habitat  of  the  animal. 

The  terrestrial  and  some  lacustrine  species  breathe  by  a 
lung,  situated  at  the  anterior  and  superior  part  of  the  body, 
which  opens  and  shuts,  at  the  will  of  the  animal,  by  the 
action  of  a  muscular  sphincter. 

On  the  walls  of  this  air-sac  a  beautiful  net-work  of  pul- 
monary vessels  ramify,  whereby  the  blood  is  aerated.  The 
species  organised  for  an  aquatic  life  possess  branchiae,  the 
form,  structure,  and  arrangement  of  which  vary  much  in 
this  class.  So  permanent  are  the  characters  afforded  by 
these  organs,  that  they  form  the  basis  of  their  methodical 
distribution  into  orders,  as  shown  in  the  following  table : — 


THE  GASTEROPODA, 


Hav 

* 

•i 
| 

'ng  a  Lung 
concealed 

PULMONALIA. 

PFCIKNIBRANCHIATA 
TUBULIBRANCHIATA. 
SCUTIBRANCHIATA. 

TECTIBRANCHIATA. 

f  in  a  dorsal  cavity,  f  Tnrbinated  . 
opening  above  the  <  Tubiform     . 
J  head.      The  shell  [  Shield-shaped 
~\  under  a  fold  of  the  dorsal  mantle,  ~\ 
which  contains  almost  always  a  > 
(.shell. 

Naked 
and 
disposed 


fwith  a  shelll 

under  the  free     I  C°mP°8ed    °f  I 
border    of  the 


mantle 


I  one  or  many  f 

1  P5fces        •     J 
without  a      1 
t  shell   .     .      J 
In  symmetrical  tufts  on  the  back 


CYCLOBRANCHIATA 
INFEROBRANCHIATA. 

NuDIBRANCHIATA. 


The  gasteropoda  are  found  in  the  rocks  of  the  Silurian  and 
of  all  subsequent  periods ;  their  numbers  gradually  augment, 
and  their  forms  become  more  and  more  varied  in  the  second- 
ary and  tertiary  strata ;  but  their  greatest  development  was 
reserved  for  the  seas  of  the  modern  epoch. 

The  remains  of  this  class  are  highly  important  to  the 
geologist,  as  they  afford  him  unequivocal  evidence  of  the 
fluviatile,  lacustrine,  and  marine  conditions  under  which 
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strata  were  formed.  We  are  indebted  to  Professor  Grant* 
for  the  following  summary  of  this  class : — 

The  species  of  gasteropods  are  much  less  abundant  in 
the  ancient  grauwacke  limestones  than  those  of  bivalved 
mollusca ;  only  about  seventy  species  of  the  former  having 
been  yet  identified  in  the  strata  of  that  epoch,  and  a  quarter 
of  these  belong  to  the  extinct  genus  euomphalus,  which  ceases 
with  the  carboniferous  rocks.  Most  of  the  species,  however, 
observed  in  these  ancient  grauwacke  formations  are  referred 
to  existing  genera,  as  turritella,  of  which  about  ten  species 
occur ;  turbo,  six  species ;  buccinum,  patella,  delphinula,  five 
each ;  nerita,  pileopsis,  trochus,  and  phasianella,  three  species 
each.  The  gasteropodous  genera  continue  in  nearly  the  same 
proportions  in  the  carboniferous  strata,  and  several  even  of 
the  species  are  identical  in  the  two  formations ;  as,  pileopsis 
vetusta,  melania  constricta,  euomphalus  nodosus  and  citillus, 
turbo  tiara,  rotella  helicinceformis,  buccinum  acutum,  and 
turritella  prisca.  The  euomphalus,  turritella,  trochus,  turbo, 
and  nerita  are  still  the  most  abundant  genera  of  the  carboni- 
ferous gasteropods ;  and  a  few  species  only  of  this  class  have 
been  recognised  in  the  coal  measures,  or  in  the  new  red  sand- 
stone group  of  rocks ;  but  in  the  oolites  more  than  a 
hundred  and  thirty  species  of  univalves  occur,  which  belong 
chiefly  to  the  genera  trochus,  patella,  turbo,  nerincea,  tur- 
ritella, actceon,  melania,  natica,  cirrus,  pleurotomaria,  nerita, 
cerithium,  rostellaria,  pterocera,  and  trochotoma. 

In  the  cretaceous  rocks,  not  half  of  the  number  of  gastero- 
pods occur  which  are  found  in  the  oolitic  formations,  and 
they  belong,  for  the  most  part,  to  the  recent  genera,  trochus, 
rostellaria,  turbo,  cirrus,  vermetus,  auricula,  and  dentalium. 
But  so  abundant  are  these  animals  in  the  marine  deposits  of 
the  tertiary  epoch,  that  more  fossil  species  belonging  to  a 
single  genus  are  found  in  them  than  belong  to  all  the  cre- 
taceous genera  of  gasteropods  taken  collectively ;  thus,  two 
hundred  and  twenty  fossil  species  of  cerithium  are  met  with 
in  the  tertiary  strata — a  number  nearly  treble  that  of  the 
known  existing  species  of  that  genus ;  one  hundred  and  fifty- 
six  species  of_pleurotoma  are  found  in  the  tertiary  formations; 
one  hundred  and  eleven  species  of  fusus,  and  ninety-five 

*  Thomson's  Annual,  p.  247. 
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of"  luccinum.  A  few  only  of  the  tertiary  gene'ra  are  now 
entirely  unknown  in  a  recent  state ;  as,  pileolus,  omalaxon, 
and  pleurotomaria  ;  and  some  entire  genera  of  this  class,  at 
present  inhabiting  the  waters  of  the  globe,  have  not  yet 
been  met  with  in  any  of  the  tertiary  strata,  as  rotella, 
magilus,  stomatia,  navicella,  scarabceus,  succinea,  anostoma, 
vitrina,  testacella,  and  dolabella. 

Many  genera  of  gasteropods,  most  abundant  in  existing 
species,  present  comparatively  few  fossil  species  in  the  ter- 
tiary formations  :  thus,  three  hundred  and  twenty-five  living 
species  of  helix  are  at  present  known,  and  only  thirty-five 
species  of  that  terrestrial  pulmonated  genus  have  been 
observed  in  the  tertiary  strata.  Although  one  hundred  and 
four  living  species  of  patella  are  known  to  inhabit  the  ocean, 
only  ten  fossil  species  have  been  recognised  in  the  tertiary 
marine  formations ;  of  neritina,  there  are  sixty  known  recent 
species,  and  only  seventeen  tertiary  fossil  species ;  ofhaliotis, 
twenty-nine  recent,  and  one  tertiary  fossil;  trochus,  one 
hundred  and  three  recent,  and  seventy  tertiary  fossil ;  mono- 
donta,  forty-two  recent,  and  eight  fossil ;  strombus,  forty- 
five  recent,  and  nine  fossil ;  buccinum,  one  hundred  and  forty- 
three  recent,  and  ninety-five  tertiary;  mitra,  one  hundred 
and  twelve  recent,  and  sixty- six  tertiary ;  cypraa,  one  hun- 
dred and  thirty-five  recent,  and  nineteen  tertiary;  conus,  one 
hundred  and  eighty-one  recent,  and  forty-nine  tertiary  fossil 
species,  and  only  one  of  all  these  species  of  coni  is  found  to 
be  common  to  the  tertiary  and  the  recent  epochs.  In  most 
of  the  genera  of  gasteropods,  however,  as  in  other  classes  of 
animals,  there  are  several  species  which  have  survived  the 
tertiary  deposits,  and  still  continue  to  exist  in  a  living  state. 
Seven  species  of  cyprcea  are  found  common  to  the  ter- 
tiary formations  and  our  present  seas;  twenty  species  of 
luccinum  are  both  tertiary  and  recent ;  six  species  of  cassis, 
six  of  triton,  fifteen  of  murex,  eleven  of  fusus,  seven  of  ceri- 
thium,  twelve  of  trochus,  nine  of  natica,  and  the  same  number 
of  tertiary  species  of  helix,  are  found  still  living  on  the  con- 
tinent of  Europe. 

The  PTEROPODA  swim  by  musculo-membranous  expansions 
of  the  mantle,  which  project  from  the  sides  of  the  head. 
Their  body  is  naked,  or  is  partly  protected  by  a  delicate 
shell.  They  are  small  animals  that  float  on  the  surface  of 
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the  ocean  at  a  great  distance  from  any  shore.  In  the  North 
Seas  the  clio  and  limacina  swarm  in  such  abundance  that 
they  are  said  to  constitute  the  food  of  the  great  whale.  The 
clio  is  provided  with  a  singularly  complex  apparatus,  which 
escaped  the  keen  eye  of  Cuvier,  but  has  recently  been 
described  by  Professor  Eschricht  of  Copenhagen.  The  head 
is  furnished  with  six  retractile  appendages,  which  have  a 
reddish  tint,  from  the  number  of  distinct  red  spots  distri- 
buted over  their  surface,  amounting  in  each  to  about  3000. 
When  viewed  with  the  microscope,  each  speck  is  seen  to  be 
the  orifice  of  a  sheath  which  contains  about  twenty  pedun- 
culated  sucking  discs,  that  are  capable  of  protrusion  for  the 
prehension  of  prey  ;  so  that  the  head  of  clio  borealis  is  armed 
with  3000  x  20  x  6  =  360,000  microscopic  pedunculated 
suckers ;  an  instrument  which  for  complexity  is  quite  unique 
in  the  animal  series.  Clio  and  pneumodermon  are  naked 
gasteropods,  but  Jiyalcsa,  cleodora,  and  cymbulia  possess  shells 
of  extreme  delicacy. 

From  the  absence  in  some,  and  the  fragility  of  the  ske- 
letons of  others,  of  this  class,  we  rarely  find  their  remains  in 
a  fossil  state. 

The  tertiary  beds  of  Dax  and  Turin  contain  two  extinct 
species  of  liyalcea.  The  Miocene  beds  of  Bordeaux,  tho 
sub-apennine  beds  of  Piedmont,  and  the  English  crag,  contain 
several  species  of  cleodora. 

The  conularia  of  the  palaeozoic  rocks  is  now  considered  an 
extinct  genus  of  this  class. 

The  CEPHALOPODA  have  a  thick,  soft,  fleshy  body,  of  a 
spherical  or  elliptical  form,  sometimes  protected  by  a  shell, 
sometimes  naked.  The  mantle  is  a  musculo-membranous 
sheath,  which  encloses  the  digestive,  respiratory,  circulating, 
and  generative  organs.  The  head  is  distinct  from  the  trunk ; 
is  of  a  large  size,  and  round  form.  It  contains  the  organs 
of  the  five  senses,  and  those  for  mastication  and  deglutition. 
It  is  surrounded  by  a  circle  of  fleshy  processes,  or  feet,  from 
whence  the  name  of  the  class,  "  head-footed,"  is  derived.  The 
eyes  are  two  in  number,  of  large  size,  and  highly  organised  ; 
and  are  either  sessile  or  pedunculate.  The  mouth  is  armed  with 
a  pair  of  vertical,  horny,  or  calcareous  jaws,  which  resemble 
the  bill  of  a  parrot,  and  enclose  a  fleshy  tongue,  the  mucous 
covering  of  which  develops  a  series  of  recurved  .horny  spines. 
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Respiration  is  performed  by  symmetrical  branchiae  lodged 
in  a  fold  of  the  mantle :  in  the  first  order,  there  are  two  ;  in  the 
second,  four  of  these,  organs.  There  is  a  fleshy  ventricle  for 
the  circulation  of  the  blood  through  the  body,  and  like  organs 
to  aid  its  passage  through  the  gills.  The  funnel  is  a  mem- 
branous tube,  situated  at  the  under  side  of  the  neck ;  it  gives 
passage  to  the  water  for  respiration,  and  exit  to  the  effete 
matters  that  are  discharged  from  the  body.  The  class  is 
divided  into  two  orders  : — 

The  TENTACULIFERA,  D'Orb.,  (TetrabrancUata,  Owen,) 
of  which  the  Nautilus  Pompilius  is  the  type,  have  large 
external  univalve  shells,  symmetrical  in  form,  and  divided 
internally  by  septse  into  a  series  of  chambers,  the  last 
formed  being  very  capacious,  for  lodging  the  body  of  the 
animal.  A  tube,  or  siphon,  passes  through  all  the  chambers, 
without  communicating  with  them,  and  opens  into  a  muscular 
sac  that  surrounds  the  heart. 

This  apparatus  appears  to  be  destined  to  facilitate  the 
ascent  and  descent  of  the  animal  in  the  water,  by  determin- 
ing an  increase  or  diminution  in  the  specific  gravity  of 
the  shell,  as  the  pericardial  sac  communicates  with  the 
sea  by  two  openings ;  the  reservoir  and  siphon  can  be 
distended  with  water,  thereby  augmenting  the  specific 
gravity  of  the  shell,  and  causing  it  to  sink ;  or  emptied  by 
the  contraction  of  its  muscular  walls,  thus  enabling  it  to 
float. 

The  weight  of  sea- water,  which  the  siphuncular  apparatus 
contains,  is  the  ballast  by  which  the  tentaculifera  ascend  or 
descend  in  the  water.*  The  body  is  attached  to  the  last 
chamber  of  the  shell  by  two  lateral  muscles ;  the  head  is 
surrounded  by  numerous  hollow  tentacula,  and  they  have  a 
muscular  disc  for  creeping.  Their  eyes  are  more  simple  in 
structure  than  in  the  acetabulifera,  and  are  pedunculated. 

They  have  no  organ  of  hearing  ;  the  jaws  are  strengthened 
by  a  calcareous  coating ;  they  have  four  gills,  but  no  ink-bag. 
As  the  shells  of  all  the  tentaculifera  (the  pearly  nautilus 
excepted)  are  extinct,  the  study  of  these  organisms  is  of  great 
importance  to  the  geologist.  We  divide  this  order  into  three 

*  Dr.  Wright,  Philosophical  Magazine,  vol.  xii.  p.  503. 
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families,  according  as  the  siphon  is  in  the  centre,  or  nearly 
in  the  centre,  of  the  septum,  or  on  the  internal  or  external 
border  of  the  shell. 

The  position  of  the  siphon  must,  therefore,  be  accurately 
determined  in  the  study  of  fossil  species. 

1st  Family. — The  NAUTILID^. — Siphon  placed  in  the 
middle,  or  almost  in  the  middle,  of  the  septa ;  shell  spiral  or 
straight ;  septa,  simple  or  sinuous ;  never  ramified,  nor 
angular  at  the  borders;  provided  with  an  opening,  generally 
sinuous,  at  the  internal  dorsal  border. 

This  Family  contains  only  one  existing  genus,  the  nautilus. 
Shell  spiral ;  rolled  on  the  same  plane  ;  volutions  at  all  ages 
contiguous,  apparent  or  concealed.  This  genus  contains  more 
than  112  fossil  species,  of  which  the  first  are  of  the  Devonian 
stage.  It  had  its  maximum  of  specific  development  during 
the  carboniferous  stage.  After  having  traversed  all  the  sub- 
sequent periods,  we  find  only  two  species  in  the  warm  seas 
of  the  present  day.  They  are  the  only  representatives  of  the 
once  numerous  and  varied  genera  of  tentaculifera. 

The  NAUTILI,  are  almost  always,  during  their  embryonic 
age,  provided  with  striae,  although  they  may  be  smooth  in 
later  life.  The  species,  with  the  volutions  exposed,  in  general 
belong  to  the  palaeozoic  strata.  The  species  striated  longitu- 
dinally are  generally  oolitic,  and  the  radiated  species  are 
cretaceous.  (Fig.  167.) 

The  lituites,  kortolus,  nautiloceras,  aploceras,  gomphoceras, 
gonioceras,  orthoceratites,  actinoceras,  and  andoceras,  are 
special  to  the  palaeozoic  rocks. 

The  orthoceratites  range  through  the  palaeozoic,  and  extend 
to  the  triasic  strata.*  The  nautiloceras  commenced  in  the 
carboniferous,  and  became  extinct  at  the  close  of  the  triasic 
period,  whilst  the  true  nautilus  commenced  in  the  Devonian, 
is  found  in  every  subsequent  stage,  and  lives  in  our  present 
seas. 

2nd  Family. — CLTMENID^,  D'Orb. — Siphon  placed  at  the 
internal  part  of  the  septa ;  shell  spiral,  arched,  or  straight ; 
septa  more  or  less  angular  at  the  borders.  The  genera  of 
this  family,  as  melia,  cameroceras,  pJiragmoceras,  clymenia,  are 
extinct,  and  special  to  the  palaeozoic  rocks.  MegasipJionia  is 

«  Pict.  Atlas,  PI.  lix. 
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found  in  the  tertiary  strata.  We  give  a  figure  (168  and  169) 
of  Megasiphonia  zic-zac,  from  the  London  clay  of  Primrose 
Hill. 


FIG  167.— Nautilus  Elegans.— Chalk . 

3rd  Family. — AMMOISTITID^;. — Siphon  placed  at  the  exter- 
nal dorsal  part  of  the  septa ;  shell  spiral  or  straight,  arched 
or  bent  in  various  forms.  The  aperture  generally  prominent 
at  the  external  dorsal  margin  ;  septa  almost  always  angular, 
or  ramified  at  the  borders  divided  into  lobes  and  saddles. 


FIGS.  168  and  169. — Megasiphonia  zic-zac. 

The  genera  oncoceras,  cyrtoceras,  gyoceras,  cryptoceras, 
stenoceras,  are  found  in  the  palaeozoic  strata.  Goniatites  are 
Devonian  and  carboniferous,  and  ceratites  are  triasic  forms. 

G.  AMMONITES.* — Shell  forms  a  regular  spiral,  rolled  on 
the  same  plane,  with  the  turns  contiguous.  (Figs.  170,  171, 
172.) 

D'Orbigny,   after    making    due   allowance    for  varieties 

*  Pict.  Atlas,  PI.  Ix.  and  Ixi. 
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occasioned  by  age,  sex,  and  diseased  .conditions,  has  iden- 
tified 530  species  of  this  genus.  They  are  represented  by 
numerous  species  in  the  triasic,  and  are  very  abundant  in 
all  the  stages  of  the  oolitic  and  cretaceous  periods.  In  each 
of  the  eighteen  geological  stages  in  which  ammonites  are 
found,  certain  groups  of  specific  forms,  distinguished  by  Yon 
Buch  by  appropriate  names,  are  found  to  characterise  certain 
beds  ;  thus,  the  groups  known  as  arietes  and  falcifera  are 
special  to  the  lias.  Amalthei,  ornati,  capricorni,  are  oolitic. 
Flexuosi  is  neocomian;  cristati,  tuberculati,  clypeiformi, 
pulchelli,  rhotomagenses,  and  dentati,  are  cretaceous. 


FIG.  170.— Ammonites  Jason.— Oxford  clay. 

The  ancyloceras  (fig.  173)  and  JieMcoceras  commenced  their 
existence  in  the  seas  of  the  great  oolite,  and  extended  into 
the  upper  stages  of  the  chalk.  The  scaphites,  faculties,  Jia- 
mites,  turrilites,  crioceras,  ptycJioceras,  and  heteroceras,  are 
generic  forms  special  to  the  cretaceous  period. 

The  ACETABULIFEEA,  D' Orb.,  (Dibranchiata,  Owen.) 
form  the  most  highly  organised  group  of  this  class.  The 
arms  are  provided  with  acetabula,  or  sucking  discs,  for  adhe- 
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sion  to  bodies.     In  one  genus,  octopoda,  which  has  not  been 
found  in  a  fossil  state,  there  are  eight.     In  all  the  other 


FIG.  171. — Ammonites  Varians. — Chalk. 


FIG.  172.— Ammonites  Mantelli.— Clialk. 

genera  there  are  ten  of  these  acetabuliferous  arms.  The 
shell,  when  it  exists,  is  rarely  external,  and  is  mostly  internal. 
We  only  know  one  gemis,  the  argonauta  (paper  sailor), 
which  is  protected  by  an  external  univalve  shell.  There  is 
no  siphuncular  apparatus,  nor  is  the  body  of  the  animal 
attached  to  it  by  muscles.  We  know  a  fossil  species, 
A.  hians,  from  the  sub-apennine  of  Piedmont.  When  the 
shell  is  internal,  it  is  horny,  or  testaceous,  and  is  sometimes 
provided  with  air-chambers  and  a  siphon ;  but  the  last 
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chamber  is  incapable  of  receiving  the  body  of  the  animal,  as 
is  the  case  in  the  polythalamous  shells  of  the  teiitaculifera. 


FIG.  173. — Ancyloceras  gigas.  (Lower  greensand).* 

The  ten-armed  cephalopoda,  called  decapoda,  with  internal 
shells,  form  several  families. 

The  SPIBULIDJS  have  an  internal  calcareous  shell,  formed 
of  a  series  of  air-chambers,  traversed  by  a  siphon.  It  con- 
tains living  and  fossil  genera,  as  beloptera,  spirulirostra,  from 
the  tertiary  stages  of  France. 

The  LOLIGID^;  are  provided  with  an  internal  horny  plate 
of  a  feather-like  form,  without  air-chambers ;  several  fossil 
genera  are  found  in  the  oolitic  rocks. 

The  TEUTHID^  have  an  internal  plate  or  blade,  much 
elongated,  like  an  arrow,  without  air-chambers.  It  contains 
three  fossil  genera  which  belong  to  the  Oxfordian  stage  of 
the  oolitic  period. 

The  BELEMNITLD^E  have  an  internal  horny  skeleton  and 
a  testaceous  shell,  formed  of  air-chambers  piled  on  each 
other  in  a  straight  line,  and  traversed  by  a  lateral  and 
marginal  siphon.  All  the  genera  of  this  family  are  extinct. 
They  are  distributed  throughout  the  rocks  of  the  oolitic  and 

*  We  have  a  noble  specimen  of  this  fossil  in  our  cabinet,  from  the  Isle  of 
Wight,  which  measures  eighteen  inches  in  length  and  twelve  inches  in  depth. 


CEPHALOPODOUS    MOLLUSCA.  255 

cretaceous  periods,  and  characterise  the  beds  by  their  specific 
forms. 

In  taking  a  general  review  of  this  class,  we  observe  the 
TENTACULIFEBA  among  the  first  animal  forms  of  our  globe. 
They  attained  their  greatest  development  in  the  seas  of  the 
Silurian  period.  We  count  twenty-two  genera  in  the 
palaeozoic  rocks ;  seven  in  the  triasic ;  and  the  same  number 
in  the  oolitic ;  fourteen  in  the  cretaceous  period ;  and  only 
two  in  the  tertiary  strata.  Of  this  once  extensive  group,  a 
single  genus  lives  in  our  modern  seas. 

The  ACETABTILIFEBA  commenced  in  the  muschelkalk ;  in 
the  oolitic  rocks  are  twelve  genera ;  and  in  the  cretaceous 
and  tertiary  strata,  there  are  four.  Of  all  these  genera 
five  only  now  survive.  Comparative  calculations  on  this 
order  must  be  made  with  much  caution,  as  their  rudimentary 
internal  skeletons  do  not  afford  such  positive  data  as  the 
external  shells  of  the  tentaculifera. 

Of  the  tentaculifera  one  conclusion  may  be  drawn  from 
the  physiology  of  this  class.  The  nautilus  now  only  inhabits 
the  Indian  ocean,  whilst  extinct  species  of  this  genus  of  large 
size  are  found  in  the  tertiary  strata  of  our  island,  and  in 
beds  of  the  same  age  in  Prance  and  Belgium ;  thus  affording 
evidence  that  the  European  seas  of  the  tertiary  epoch  had  a 
much  higher  temperature  than  they  now  possess. 
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THE  following  Table,  by  Alcide  D'Orbigny,*  exhibits  a  stratigraphical  distri- 
bution of  the  EIGHTEEN  THOUSAND  SPECIES  of  MOLLUSCA  and  RADIATA, 
•which  served  as  the  basis  of  his  generalisations  on  the  speciality  of  Fossil 
Animals.  It  enables  the  student  to  form  a  correct  idea  of  the  numerical 
value  of  the  species  which  characterise  each  stage  and  period  into  which  the 
fossiliferous  rocks  are  divided. 
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STAGES             =  FORMATIONS. 
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'  27  Sub-apennine      =  Pliocene      

444 

162 

606' 

, 

26  Falunian             —    Miocene 

2903 

160 

3063 

TERTIARY 

25  Parisian              —  Eocene 

1478 

199 

1677 

•6040 

24  Suessonian          =  Nummulite  rock 

562 

132 

694. 

23  Danian     )                TT™«».  «i,aiv 

-f     47 

17 

64' 

22  Senonian  | 

1  1061 

507 

1568 

21  Turonian            =  Lower  chalk  

218 

148 

366 

CEETACKOUS 

20  Cenotuanian       =  Upper  greensand 

627 

183 

810 

4098 

19  Albian                —  Gault 

307 

52 

359 

18  Aptian         )      _  f  Lower  greensand 

146 

4 

150 

17  Neocomian  f          (     and  Wealdeu... 

656 

124 

781 

16  Portlandian        =  Portland  beds    ... 

59 

2 

81 

15  Kimmeridgian   =  Kimmeridge  clay 
14  Corallian             =  Coral  rag    

184 
403 

16 
235 

200 
638 

13  Oxfordian           =  Oxford  clay    

499 

230 

729 

OOLITIC 

12  Callovian            =  Kelloway  rock    .. 
11  Bathonian           —  Bath  oolite  

253 
407 

25 
125 

278 
532 

3785 

10  Bajocian              =  Inferior  oolite  ..  .. 

508 

94 

602 

9  Toarcian             =  Upper  Lias  
8  Liasian                =  Middle  Lias    ..  .. 

273 
270 

14 
13 

287 
283 

7  Sin&nurian         =  Lower  Lias  

163 

12 

175 

TRIASIC 

6  Saliferian            =  Red  marls  
5  Conchy  lian         =  Muschel-kalk     .. 

619 

104 

114 
3 

733 

107. 

»  840 

4  Permian             =  Magnesian  Lime- 

stone     

82 

9 

91 

'  - 

3  Carboniferian     =  Carboniferous 

887 

161 

1048 

PALAEOZOIC 

2  Devonian            =  Devonian 
IB.  Superior,  or 

1054 

146 

1200 

3184 

Murchinsonian 
A.  Inferior,  or 

356 

61 

418 

Silurian  

375 

52 

427 

General  total 

14,947 

3,000 

17,947 

17,947 

*  Cours  de  Paleontologie,  p.  260.     The  English  equivalents  of  D'Orbigny's 
stages  have  been  introduced  to  assist  the  student. 
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THIRD  DIVISION. 

AETICULATA,  Citvier.     DIPLO-GANGLIATA,  Grant. 

The  articulated  animals  afford  a  wide  field  for  the  investiga- 
tions of  the  zoologist  and  comparative  anatomist ;  but  their 
palaeontological  history  is  much  behind  that  of  the  other 
divisions  of  the  animal  kingdom. 

The  Articulata  have  a  body  composed  of  a  series  of  rings, 
which  give  the  animal  an  articulated  or  jointed  appearance. 
The  skin  is  often  indurated  by  a  deposit  of  the  carbonate  and 
phosphate  of  lime,  as  in  the  Crustacea,  or  by  a  peculiar  horny 
substance  called  chitine  in  insects.  The  rings  of  the  body 
support  lateral  'appendages,  which  are  metamorphosed  into 
various  organs  in  different  parts  of  the  same :  thus  the 
appendages  of  the  rings  of  the  head  form  the  antennae,  jaws, 
and  other  parts  of  the  mouth  in  insects,  spiders,  and  crus- 
tacea :  those  of  the  thorax  form  the  feet  in  Crustacea  and 
spiders,  and  the  wings  and  feet  in  insects. 

The  nervous  system  is  composed  of  a  chain  of  ganglia  dis- 
posed in  pairs,  and  united  by  nervous  cords  :  hence  the  term 
diplo-gangliata.  The  first  pair,  of  ganglia  forms  the  brain, 
which  reposes  on  the  upper  part  of  the  oesophagus.  A  nervous 
thread  descends  on  each  side  of  that  tube,  to  unite  the  brain 
with  the  second  pair  of  ganglia  which  lie  below  it ;  and  thus 
the  oesophagus  is  surrounded  by  a  nervous  collar.  In  the 
larval  condition  of  insects  the  nervous  system  may  be  conve- 
niently studied.  Each  ring  of  the  body  is  seen  to  have  its 
own  ganglionic  centre,  from  whence  nerves  proceed  to  the 
various  organs  contained  therein.  The  nervous  system 
undergoes  important  changes  during  the  development  of  the 
animal.  In  the  larva,  it  is  worm-like,  with  ganglia  corre- 
sponding to  each  ring.  In  the  perfect  insect,  several  ganglia 
coalesce  to  form  two  or  more  nervous  centres,  from  whence 
lashes  of  filaments  are  given  off.  As  an  equal  distribution  of 
the  ganglia  is  one  of  the  characters  of  the  larva  state,  a 
union  or  fusion  of  the  ganglia  into  masses  indicates  a  higher 
grade  of  organisation.  In  this  division,  all  the  Worm-like 
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classes  have  a  nervous  system,  with  numerous  ganglia :  all 
the  Entomoid  classes  have  the  ganglia  fused  into  two  or  more 
centres. 

The  eyes  are  either  simple  or  compound.  In  anneUda 
and  spiders  they  are  simple ;  in  insects  and  Crustacea  they 
are  compound.  This  division  comprehends  Six  Classes : 

ANNELIDA.  ARACHNIDA. 

CIRRHIPODA.  MYBIAPODA. 

CETJSTACEA.  INSECTA. 


CLASS  I.— ANNELIDA. 

Have  an  elongated  vermiform  body,  divided  into  numerous 
rings.  They  are  for  the  most  part  naked,  or  are  enclosed 
in  tubes  ;  sometimes  membranous,  and  indurated  with  grains 
of  sand  or  other  debris ;  or  calcareous,  and  adhering  to  shells 
and  other  marine  bodies.  These  tubes  are  almost  the  only 
remains  of  the  Annelida  that  lived  in  the  ancient  seas ; 
although  the  foot-prints  of  some  naked  forms  are  impressed 
on  the  ancient  sedimentary  strata.  "We  divide  this  class 
into  two  orders. 

The  ANNELIDA  DORSIBRANCHIATA.— Have  a  naked 
body,  composed  of  numerous  rings ;  the  lower  arc  of  each  ring 
carries  bristles  for  locomotion,  and  the  superior  arcs  of  many 
support  the  branchiaB  for  respiration.  To  this  order  belong 
the  remarkable  imprints  of  Nerites  Camlr  lenses,  impressed 
on  the  Lampeter  Cambrian  rocks. 

The  ANNELIDA  TUBICOLA. — Have  the  body  enclosed  in 
membranous  or  calcareous  tubes,  generallyadherent  to  shells 
or  other  marine  bodies.  These  tubular  sheaths  are  the  only 
remains  we  possess  of  this  order.  The  genus  Serpula  extends 
from  the  Devonian  stage  to  the  modern  epoch  :  it  attained 
its  greatest  development  in  the  oolitic  seas.  More  than  fifty 
species  are  found  in  the  rocks  of  this  period.  Terebella  is 
found  in  the  oolites,  Spirorlis  in  the  chalk  and  tertiaries,  and 
Siliquaria  in  the  tertiary  strata  of  France  and  Italy. 
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CLASS  II.— CIBEHIPODA. 

This  class  was  for  a  long  time  considered  to  belong  to  the 
Mollusca ;  but  the  structure  of  the  nervous  system,  and  the 
physiological  facts  which  have  been  ascertained  relative  to 
the  mode  of  their  development,  prove  that  the  cirrhipedes 
belong  to  the  Articulata.  They  are  marine  animals,  attached 
in  the  adult  state  either  by  a  peduncle  or  by  a  shell  to  sub- 
marine bodies.  The  appendages  are  in  the  form  of  jointed 
cirrhi,  and  the  body  is  enclosed  in  a  multivalve  calcareous 
shell.  In  recent  genera  the  valves  are  either  united  or 
Separated  by  membranes.  In.  the  fossil  forms,  the  valves  of 
the  shell  are  generally  detached.  The  class  comprises  two 
families  :  the  peduiiculated,  or  AKITIFID^,  and  the  sessile, 

Or  BALANID2E. 

The  ANATIFIDJE  have  a  multivalve  shell,  attached  by  a 
fleshy  peduncle;  the  valves  are  united  by  a  membrane.  A  fossil 
species  of  the  genus  Anatifa  is  found  in  the  miocene  stage  of 
the  tertiaries  of  France.  Pollicipes  occurs  in  the  Stonesfield 
slate  of  England,  and  in  the  cretaceous  and  tertiary  rocks. 
Aptyclms,  which  was  considered  by  some  to  be  a  tooth,  by 
others  to  be  the  operculum  of  an  ammonite,  is  now  describe'd 
by  D'Orbigny  as  an  extinct  genus  of  this  family  nearly 
allied  to  anatifa.  This  singular  form  lived  in  the  palaeozoic, 
but  attained  its  greatest  development  in  the  oolitic  period  : 
it  is  likewise  met  with  in  the  chalk. 

The  BALAINTD^;  have  a  complicated,  many-valved  shell, 
attached  to  sub-marine  bodies;  the  aperture  through  which  the 
cirrhi  project  is  closed  by  an  opercular  apparatus,  composed 
of  several  pieces.  "We  find  fossil  species  of  Balanus,  Acastra, 
Coronula,  and  other  existing  genera,  in  the  tertiary  strata. 


CLASS  III.— CRUSTACEA. 

This  class  comprehends  all  the  articulated  animals  with 
articulated  feet,  which  have  a  heart  for  circulation,  and 
branchiae  for  respiration.  The  crabs  and  lobsters  are  the  true 
types  of  the  class ;  but  it  comprehends  a  great  many  orders, 
which  differ  widely  from  these.  The  skeleton  is  in  the  form 
of  an  external  crust,  or  shell,  partaking  of  the"  character 

s2 
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of  an  epidermis,  exuded  from  the  vessels  of  the  skin,  and 
hardened  with  a  considerable  proportion  of  the  carbonate 
and  phosphate  of  lime.  At  certain  periods  this  crust  is 
thrown  off,  to  permit  of  the  growth  of  the  animal. 

The  skeletons  of  this  class  are  preserved  in  the  rocks  of  all 
epochs,  and  certain  generic  forms  are  special  to  the  stages  of 
different  periods,  which  they  serve  to  characterise.  This  law 
will  be  better  understood  after  taking  a  rapid  glance  of  the 
orders. 

Order  XIPHOSURA,  or  King  Crabs. — Have  the  body 
covered  with  a  large  cephalo-thoracic  shield ;  the  abdomen 
is  very  small,  and  terminated  with  a  long  styliform  tail ;  the 
jaws,  or  organs  of  the  mouth,  resemble  those  for  locomotion. 
Mastication  is  performed  by  one  of  the  joints  of  the  jaw-feet, 
which  has  a  cutting  border  for  that  purpose.  They  have  two 
large  compound,  and  two  small  simple  eyes,  situated  on  the 
anterior  and  lateral  parts  of  the  thoracic  shield. 

Limulus  is  found  in  the  carboniferous  stage  of  the  palaeo- 
zoic rocks,  in  the  Oxford  stage  of  the  oolitic,  and  lives  in 
our  present  seas.  Halycina  belongs  to  the  muschelkalk,  and 
Bellenurus  is  limited  to  the  palaeozoic  strata. 

Order  CYPROIDA. — Have  the  body  enclosed  in  a  bivalve 
shell,  united  by  a  hinge  along  the  back.  The  animal  can 


Fig.  174.— Fossil  Cypridcs. 

1.  Cypris  spinigera:  the  small  figure  shows  the  natural  size. 

"2.  Ct/pris  granulosa.  3.  Cypris  Valdensis. 

4.  Clsiy,  with  numerous  cases  of  the  species  represented  ;  fig.  1,  of  the  natural  SIZP. 
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close  the  valves  entirely,  and  protrude  tlie  feet  and  antennae 
at  pleasure.  They  are  microscopic  beings,  and  abound  in  the 
sea  and  in  fresh  water.  We  know  five  fossil  genera,  of  which 
two,  Cypridella  and  Cyprella,  are  special  to  the  carboniferous 
stage.  CytJierina  is  found  in  the  Silurian  rocks,  Oypridina 
commenced  in  the  carboniferous,  and  Cypris  in  the  wealden 
stage.  We  find  species  of  these  three  latter  genera  in  our 
present  seas,  lakes,  and  marshes.  The  remains  of  Cypris,  a 
lacustrine  genus,  are  so  abundant  in  the  wealden  of  Kent 
and  of  the  Isle  of  Wight,  that  some  of  the  clays  of  this 
stage  have  a  foliated  character,  each  lamina  thereof  being 
entirely  covered  with  their  bivalve  shells.  The  accom- 
panying figures  represent  three  species  common  in  the 
wealden  of  Saiidown  and  Brook  Bays,  Isle  of  Wight 
(fig.  174). 

Order  TRTLOBITES  (or  Paleades,  Dalman) — Had  the 
carapace  composed  of  several  rings,  divided  into  three  lobes 
by  two  lateral  depressions.  It  is  not  easy  to  decide  at  what 
ring  the  thorax  terminates  and  the  abdomen  commences. 
Burmeister  thought  that  we  ought  to  name  all  the  free 
segments  up  to  the  last  cephalo-thoracic,  and  those  concealed 
under  the  latter  abdominal  rings.  The  number  of  the  tho- 
racic segments  varies  from  five  to  twenty ;  they  present  many 
intermediate  numbers  in  the  different  families. 

The  lateral  lobes  of  the  anterior  or  cephalic  segment 
support  the  eyes,  which  are  prominent,  kidney-shaped,  and 
compound,  and  are  often  preserved  in  a  high  state  of  per- 
fection (fig.  175). 

The  mouth  is  imperfectly  known,  and  we  have  not  found 


FIG.  175.— The  compound  Eye  •  La  Trilobite. 
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antennae.  The  feet  were  membranous.  "We  know  only  one, 
Calymene,  from  America,  where  these  appendages  are  pre- 
served. Many  trilobites  had  the  power  of  rolling  themselves 
into  a  ball,  from  which  we  conclude  that  the  abdomen  had  no 
special  appendages  at  its  extremity. 

The  tegumentary  skeleton  of  this  order  is  formed  in 
general  of  two  distinct  layers  :  the  external  is  thin,  often 
granulated,  and  ornamented ;  the  internal,  which  is  always 
present,  is  denser  than  the  former.  The  Trilobites  all  belong 
to  the  palaeozoic  rocks.  They  lived  in  numerous  families, 
and  presented  an  immense  association  of  individuals,  but 
were  much  restricted  as  regards  the  number  of  the  genera 
and  species. 

Burmeister  distributes  the  Trilobites  into  six  families. 

The  ASAPHIDJE  had  the  power  of  rolling  the  body  into  a 
ball :  their  dorsal  axis  is  not  contracted  posteriorly ;  the 
carapace  is  often  sculptured  witli  lines,  but  is  seldom  granu- 
lated. Most  of  the  genera  have  less  than  ten  rings  to  the 
thorax.  It  comprises  Illtenus,  Bumaster,  Arcliegonus,  Dys- 
planus,  Amphyx,  and  Asaphus.  These  genera  range  between 
the  lower  Silurian  and  the  carboniferous  stages. 

The  CALTMENIDJE  had  the  power  of  rolling  themselves  into 
a  ball ;  the  dorsal  axis  of  the  body  is  contracted  posteriorly  ; 
the  carapace  is  often  granulated,  and  they  had  for  the  most 
part  more  than  ten  rings  in  the  thoracic  division  of  the  body. 
It  comprehends  Calymene,  Cypliaspis,  fJiacops,  ^Eonia,  and 
Homalonotus  (fig.  176).  This  family  ranged  through  the 
Silurian,  Devonian,  and  carboniferous  periods. 


FIG.  176. — Homalonotus  delphinocephalus.    Konig. 

The  HAKPESIDJJ.     The  lateral  lobes  of  the  body-rings  are 
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not  extended  horizontally  in  their  whole  length,  but  turned 
downwards  from  the  centre,  and  do  not  terminate  in  a 
point,  but  with  an-  arched  and  rounded  extremity,  fur- 
rowed on  the  surface  along  their  whole  length.  The  genera 
Gmpocephalus,  Ellipsocepliahis,  and  Harpes  belong  to  this 
~ytribe ;  they  are  confined  to  the  upper  Silurian  and  Devonian 
stages. 

The  OLENnxsj  were  incapable  of  rolling  themselves  into 
a  ball ;  the  caudal  shield  is  very  small,  the  axis  of  which  is 
many-jointed,  but  always  shorter  than  the  body :  it  includes 
the  genera  Paradoocides  and  Olemis,  which  are  limited  to  the 
upper  and  lower  Silurian  stages. 

The  ODONTOPLEUEIDJG  have  the  form  of  the  Ogygidce : 
like  them  they  wrere  incapable  of  assuming  the  globular 
form.  The  abdominal  shield  is  smaller  than  the  thoracic, 
and  consists  of  few  segments.  It  includes  Odontopleura, 
Arges,  and  Brontes  of  the  upper  Silurian  and  Devonian 
stages. 

The  OGYGID.E  were  incapable  of  rolling  themselves  into 
a  ball ;  the  lateral  lobes  of  the  rings  of  the  body  are  situated 
on  the  same  plane,  and  do  not  curve  or  bend  downwards,  but 
terminate  posteriorly  in  a  point  or  spine  more  or  less  pro- 
minent, sometimes  very  long,  which  forms  an  obtuse  angle 
with  the  direction  of  the  lobes.  The  abdominal  shield  is 
simple,  almost  as  large  as  the  cephalic,  and  as  long  as  the 
thoracic,  and  is  composed  of  many  separate  elements.  In 
this  family  is  grouped  Trinucleus, '  and  Ogygia,  which  are 
found  in  the  Silurian  stages. 

The  EuuYPTEBiD-E,  it  is  supposed,  had  no  shell.  "We  only 
know  the  existence  of  the  family  by  the  impression  of 
the  body  and  head,  with  antennae,  and  compound  eyes  of 
Eurypteriis,  in  the  inferior  stage  of  the  Silurian  rocks  of 
North  America. 

Order  PHYLLOPODA. — Are  naked  or  covered  with  a 
bivalve  carapace.  Their  body  is  divided  into  numerous 
segments,  which  support  foliaceous  branchiferous  feet. 
Belonging  to  this  order  is  Nebalia  and  Apus,  from  the  car- 
boniferous stage. 

Order  ISOPODA,  of  which  the  common  wood-louse,  Onis- 
cus,  is  typical. — Have  the  thorax  composed  of  seven  segments 
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nearly  equal  in  size,  eacli  supporting  a  pair  of  feet ;  and  the 
same  number  of  rings  in  the  abdomen.  It  comprises  the 
ONISCIDJE,  which  are  terrestrial.  Some  species  are  found 
fossil  in  amber,  from  the  superior  tertiary  beds. 

The  SPHJEEOMID^:  contains  all  the  marine  forms  allied  to 
the  preceding.  The  fossil  genera  are  considered  to  differ 
from  those  living  in  our  own  seas.  From  the  Oxford  stage 
of  the  oolites  of  Bavaria,  Count  Minister  has  obtained  Alms, 
Urda,  Norna,  Sculda,  RecJcur,  and  Naranda.  Arclicconiscus 
is  found  in  the  wealden  of  England  and  France,  and  Palceo- 
niscus  in  the  tertiary  beds  of  Paris. 

Order  AMPHIPODA. — Have  sessile  eyes;  the  branchiae 
are  attached  to  the  seven  thoracic  feet ;  the  abdomen  is  com- 
posed of  seven  segments,  of  which  the  four  last  are  modified 
to  form  an  organ  for  leaping  or  swimming.  Belonging  to 
this  order  is  the  genus  Typltis,  from  the  older  tertiary  strata 
of  America. 

Order  STOMAPODA. — Have  the  eyes  pedunculated  and 
moveable.  To  this  group  the  Squillidce  belong.  The  impres- 
sion of  a  fossil  species  of  Squilla  has  been  found  in  the 
tertiary  beds  of  Monte-Bolca. 

Order  DECAPODA. — Have  the  head  and  thorax  covered 
by  a  hard  shield,  the  eyes  pedunculated  and  moveable,  the 
branchiae  enclosed  in  the  thorax;  they  have  five  pair  of 
thoracic  feet,  of  which  the  anterior  pair  are  formed  into 
powerful  forceps.  There  are  six  pairs  of  mouth-organs  or 
jaws.  It  comprehends  the  following  families. 

The  PALCEMONIDJE,  or  Prawns,  contain  a  great  many 
existing  genera.  Count  Minister  has  described,  from  the 
Oxford  stage  of  the  Bavarian  oolites,  the  following  fossil 
genera: — (Eger,  Antrimpos,  Bylgia,  Drobna,  Kcelga,  Udora, 
Z)usa,  Hefriga,  Boinbur,  Blaculia,  Elder,  Sauna,  Saga. 
To  these  may  be  added  a  fossil  species  of  Crangon  from 
the  upper  lias  of  Normandy. 

The  ASTACIDJE,  or  Lobsters,  form  an  extensive  family  in 
our  modern  seas.  The  fossil  genera,  which  are  numerous  in 
the  oolites,  may  be  separated  thus :  Coleia  is  found  in  the 
liasic  stage.  GlypJicea  in  the  inferior  oolite.  Magila,  OrpJinea, 
Brisa,  Brome,  Bolina,  Aura,  Pterochirus,  Klytea,  Eryma, 
Megachirus,  are  chiefly  from  the  Oxford  stage  of  Bavaria. 
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To   this   family  belongs  the  beautiful   Astacus,    from    the 
neocomian  stage  of  Atherfield,  Isle  of  Wight*  (fig.  177). 


FIG.  177. — Astacus  Vectensis. 

The  PALINUHIDJE,  PAGURID^;,  DKOMID^,  LEUCOSIDJE, 
and  G-RAPSID^;,  have  fossil  genera  in  the  oolitic,  cretaceous, 
and  tertiary  strata. 

The  CANCERID^;,  or  Crab  family,  are  found  in  a  high  state 
of  preservation  in  the  eocene  clays  of  Sheppey  and  in  the 
"Bognor  beds  at  Alum  Bay,  Isle  of  "Wight,  an'd  in  strata  of 
the  same  age  in  France. 

CLASS  IV.— AKACHNIDA. 

The  Spiders  have  the  head  and  thorax  united  and  covered 
by  a  cephalo-thorax.  They  have  four  pairs  of  feet.  The 
tegumentary  skeleton  is  in  general  solid ;  the  higher  forms 
breathe  by  simple  internal  sacs  or  lungs,  the  inferior  forms 
by  trachea.  The  simple  eyes,  in  general  eight  in  number, 
are  disposed  around  the  anterior  part  of  the  cephalo-thorax. 
We  find  very  few  members  of  this  class  in  a  fossil  state  in 
the  older  rocks  ;  but  the  presence  of  Cycloptlialmw,  a  genus 
of  SCORPIONIDJB  in  the  carboniferous  stage  of  Bohemia, 

*  Mantell's  Isle  of  Wight. 
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proves  that  the  Arachnida  were  represented  in  the  fauna  ot 
the  primary  epoch,  and  supplies  another  link  to  the  chain  of 
evidence  afforded  by  the  flora  of  that  stage,  that  the  tempera- 
ture of  the  centre  of  Europe  resembled  that  of  our  tropics  at 
the  .time  when  the  coal  plants  flourished.  Fossil  spiders  are 
found  in  the  yellow  amber  of  Prussia.  Koch  and  Berendt 
have  described  one  hundred  and  twenty-three  species  be- 
longing to  fifty  genera,  of  which  thirteen  are  extinct,  whilst 
none  of  the  species  are  identical  with  those  now  living. 

CLASS  V.— MTEIAPODA) 

The  Centipedes  have  the  body  composed  of  twenty-four 
feet  or  upwards".  "All  the  members  of  this  class  are  terres- 
trial, and  breathe  by  trachea.  They  live  concealed  under 
stones,  moss,  or  the  bark  of  trees.  Extinct  genera  of 
IULIDJB  and  SCOLOPEKDRID^]  have  been  found  with  those  of 
the  preceding  class  by  the  same  observers. 

CLASS  VI.— INSECTA. 

The  Insects  have  the  body  divided  into  head,  thorax,  and 
abdomen.  The  head  is  formed  by  the  fusion  of  several 
elements,  and  supports  the  eyes,  the  antenna?,  and  the  parts 
of  the  mouth.  The  thorax  is  composed  of  three  segments 
soldered  together ;  the  pro-thorax,  or  anterior ;  mesa-thorax, 
or  middle;  and  meta-thorax,  or  posterior.  Each  segment 
supports  one  pair  of  articulated  feet;  and  the  pro-thorax 
and  meso-thorax  the  first  and  second  pairs  of  wings,  when 
they  exist. 

The  abdomen  consists  of  a  series  of  simple  rings,  moveable 
on  each  other,  and  without  appendages,  except  the  last  pair, 
which  are  sometimes  provided  with  special  organs.  The 
tegumentary  skeleton  is  indurated  with  chitine,  which  has  a 
firmness  equal  to  that  of  horn.  Insects  breathe  by  stigmata 
or  air-holes  situated  on  the  sides  of  the  rings,  and  by  trachea 
or  air- tubes,  that  ramify  through  all  parts  of  their  bodies.  We 
find  representatives  of  most  of  the  orders  in  a  fossil  state. 

Order  DIPTERA  (or  Plies). — Have  two  membranous 
wings,  articulated  to  the  pro-thorax,  and  rudimentary  wings 
or  balancers  to  the  meta-thorax. 
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The  insect  limestone  of  the  lower  and  upper  lias  of 
Gloucestershire,  the  limestones  of  the  Oxford  stage  of 
Solenhofen,  and  the  wealden  beds  of  "Wilts,  have  yielded 
beautiful  specimens  of  wings.  Many  genera  of  this  order 
are  preserved  in  the  tertiary  strata,  and  entire  specimens  are 
enclosed  in  amber. 

Order  LEPIDOPTERA  (or  Butterflies). — Have  the  mouth 
provided  with  a  long  proboscis  coiled  into  a  spiral  form; 
they  have  four  wings  clothed  with  microscopic  scales 
attached  to  the  membrane  by  a  pedicle:  the  lithographic 
limestones  of  Solenhofen  contain  the  impressions  of  a  genus 
of  this  order.  A  few  wings  have  been  found  in  the  tertiary 
strata  of  France :  they  are  rare  in  amber. 

Order  HEMIPTERA  (or  Bugs). — Are  suctorial  insects,  pro- 
vided with  an  articulated  proboscis.  They  have  four  wings: 
the  anterior  pair  are  in  part  indurated  :  the  posterior  pair  are 
membranous :  their  remains  are  found  with  the  preceding. 

Order  HYMENOPTERA  (or  Bees). — Kemarkable  for  the 
social  instincts  of  many  of  its  families,  have  four  transparent 
membranous  wings,  and  a  firm  tegumentary  skeleton :  they 
are  found  with  the  preceding  orders. 

Order  NEUROPTERA  (or  Dragon-flies) . — Have  four  nearly 
equal  wings,  the  nervures  or  framework  of  which  are  well 
developed ;  their  integuments  are  delicate,  and  most  of 
their  larvae  are  aquatic.  One  genus,  Corydalis,  is  found  in 
the  carboniferous  stage  of  Coalbrook  Dale.  In  the  lower  and 
the  upper  beds  of  the  liasic  stage  in  Gloucestershire  and 
"Warwickshire  numerous  beautiful  wings  of  J&shna  have 
been  found.  The  annexed  figure  is  from  a  specimen  obtained 
from  the  lower  lias  near  Bidford  in  Warwickshire,  and 
described  by  H.  E.  Strickland,  Esq.*  Pig.  178  shows  the 


FIG.  178. — Fossil  wing  of  ^Eslina  liassina.    Strickland. 
Magazine  of  Natural  History,  new  series,  vol.  iv.  p.  302. 
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FIG.  179. — Wing  of  ^Eshna  grandisi 


structure  of  JEsTina  liassina  of  the  natural  size;  fig.  179,  that 
of  the  recent  ^Eskna 
grandis,  and  fig.  180, 
Libellula        depressa. 
The  dimensions  of  the 
fossil  are   about  one- 
third     greater     than 
those  of  ^E.  grandis, 
the  largest  of  our  British  species ;  its  length  being  2  inches 
10i   lines,    and     its    greatest 
breadth  8£  lines. 

^Eshna  JBrodei,  was  found  in 
the  upper  lias  of  Dumbleton, 

in  Gloucestershire.*  riG-  ISO.— Wing  of  Lib.aiula  depressa. 

The  Rev.  P.  B.  Brodief  found,  in  the  same  beds,  an 
unique  specimen  of  Heterophlebia,  with  the  head,  thorax, 
and  half  of  the  abdomen,  and  with  the  four  wings  expanded, 
and  beautifully  preserved.  In  the  Stonesfield  slate  is  found  a 
portion  of  a  wing  of  a  large  Hemerobo'ides.  The  lithographic 
schists  of  Solenhofen  have  yielded 
many  specimens  of  large  Neuroptera, 
which  have  been  described  by  Count 
Minister.  The  lacustrine  tertiary 
strata  of  France  contain  tubes  that 
have  been  attributed  to  the  larvae  of 
Phryganiae  (caddis-worm)  (fig.  181). 

Berendt  found  genera  belonging  to  the  Termites,  EPHE- 
MEEID^;  (May-flies),  and  PiiEYaAKiDJE,  in  the  yellow  amber 
of  Prussia. 

Order  ORTHOPTERA  (Grasshoppers). — Have  the  anterior 
wings  modified  into  thin  elytra ;  inferior  in  their  develop- 
ment, however,  to  those  of  beetles.  The  two  posterior 
pair  are  membranous,  and  when  in  a  state  of  repose,  are 
folded  longitudinally.  The  mouth  is  armed  with  mandibles 
and  maxillae  formed  for  mastication.  The  tegumentary 
skeleton  is  moderately  solid.  The  feet  are  strong  and 
well  developed. 

Count  Minister  found  Cridites  and  Blatlina  in  the  car- 
boniferous stage  of  Germany. 

*  Proceedings  of  the  Geological  Society,  1843. 
•f1  Geological  Journal,  vol.  v.  p.  31. 


FIG.  181.— Caddis-\vorm. 
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and  LOCTJSTIDJE,  in  the  Oxford  stage  of  the 
oolites  of  Bavaria.  Gryllus,  Gryllotalpa,  and  Locusta  have 
been  found  in  the  tertiary  strata  of  Prance  and  in  the 
yellow  amber  of  Prussia. 

Order  COLEOPTERA  (Beetles).  Have  the  anterior  pair 
of  wings  developed  into  horny  cases  or  elytra,  under  which 
the  posterior  pair  of  membranous  wings  are  folded.  Their 
skeleton  is  very  solid :  their  mouth  is  provided  with  a  pair  of 
maxillae  and  a  pair  of  mandibulse,  disposed  for  mastication. 
This  order  is  one  of  the  most  numerous  at  the  present  day, 
and  to  it  belongs  many  fossil  insecta. 

At  the  .close  of  the  palaeozoic  epoch  coleoptera  existed. 
CUECULIOKID^;  were  found  in  the  carboniferous  stage  at 
Coalbrook  Dale. 

The  inferior  beds  of  the  lias  of  Gloucestershire  and 
"Worcestershire  have  yielded  many  genera  and  species. 
These  are  figured  and  described  by  the  Rev.  P.  B.  Brodie 
in  his  valuable  monograph,*  to  which  we  refer  the  student 
for  ample  and  interesting  details.  In  a  thin  seam  of 
cream-coloured  insect  limestone,  which  lies  at  the  base  of 
the  liasic  stage,  that  accurate  observer  found  genera 
belonging  to  the  families  BTJPEESTIDJE,  CTTECIT.LIO:NTD.&:, 
CAEABID^:,  TELEPHOEIDJE,  ELATEEID^;,  CHETSOMELIDJE. 
In  a  thin  seam  of  limestone  in  the  upper  lias,  many  wings 
of  coleoptera  associated  with  the  remains  of  fishes  have 
been  found.  Prom  the  Stonesfield  slate  of  Gloucestershire 
were  obtained  genera  belonging  to  -the  families,  PEIONID^, 
BLAPSID^;,  BUPEESTIDJE,  CHEYSOMELID^;. 

Prom  the  lithographic  schists  of  Solenhofen,  Count 
Minister  and  M.  Germar  have  obtained  and  described  fine 
specimens  of  Cerambycinux,  Buprestes,  Scarabtmdes.  In  the 
wealden  of  Wiltshire,  Mr.  Brodie  found  genera  belonging 
to  the  families  CAEABID^E,  STAPHYLIKTDJE,  TEKEBEIO^IDJS, 
HAEPALIDJS,  ELATEEIDJB,  CUECULIOXIDJS,  CA^THAEIDJE, 
HYDEOPHILID^;,  HELOPHOEIDJE. 

*  A  History  of  the  Fossil  Insects  of  ,;he  Secondary  Rocks  of  England. 
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FOUKTH  DIVISION, 

VERTEBKATA,  Cuvier.     SPINT-CEREBRATA,   Grant. 

This  great  division  comprehends  all  animals  that  have  an 
internal  articulated  skeleton,  symmetrical  in  the  disposition 
of  its  elements,  and  destined  to  protect  the  brain  and  spinal 
cord,  lodge  the  organs  of  the  special  senses,  and  form  a 
framework  for  the  organs  of  locomotion. 

Bone  is  composed  of  an  animal  substance,  in  .the  -inter- 
stices of  which  earthy  salts,  chiefly  the  phosphate  of  lime, 
are  deposited.  A  thin  slice  of  bone,  mounted  in  Canada 
balsam,  and  examined  by  a  good  microscope,  with  a  power  of 
two  hundred  linear,  exhibits  in  a  very  satisfactory  manner 
the  osseous  structure.  It  is  seen  to  be  composed  of  a 
number  of  openings  in  a  delicate  transparent  membrane. 
The  openings  are  transverse  sections  of  canals  that  every- 
where traverse  bone,  and  are  called  Haversian,  after  their 
discoverer. 

Around  each  canal  we  observe  a  number  of  fine  concentric 
lines,  each  line  having  a  laminated  structure ;  between  the 
Iamina3  a  number  of  singular  spider-like  bodies  are  situated. 
These  are  the  bone-cells,  which  are  in  general  oval,  and  have 
a  number  of  microscopic  tubes  radiating  from  their  circum- 
ference. In  recent  bones  the  cells  are  transparent,  but  in 
fossil  bones  they  are  always  opaque,  and  the  same  has  been 
observed  in  the  bones  of  mummies.  In  the  one  case  the 
process  of  fossilisation,  in  the  other- the  percolation  of  bitu- 
minous matter,  has  injected  the  cells  through  the  small  tubes 
that  communicate  with  the  Haversian  canals. 

Mr.  John  Quekett  has  shown,  in  a  valuable  paper  on  the 
intimate  structure  of  bone,  that  the  bone-cells  of  each  class 
of  the  Vertebrata  have  forms  and  dimensions  that  are  special 
to  each.  The  bone-cells  of  the  Mammalia  average  about 
fftny "o  of  an  iucn  i11  the  long  diameter ;  and  if  we  take  this  as 
a  standard  of  comparison,  we  find  that  the  bone-cells  of  birds 
will  fall  below  it,  and  the  bone-cells  of  reptiles  will  far  exceed 
it ;  whilst  those  of  fishes  are  so  entirely  different  from  mam- 
mals, birds,  and  reptiles,  both  in  shape  and  size,  that  they 
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cannot  be  mistaken  for  either.  By  microscopic  examination 
we  are  thus  enabled  to  show  that  the  physiological  laws 
relating  to  the  structure  and  growth  of  bone  have  ever  been 
the  same  from  the  first  creation  of  vertebrate  animals  in  the 
far  remote  period,  when  fishes  were  introduced  into  the  seas 
of  the  Silurian  and  Devonian  eras,  down  to  the  present  hour; 
that  the  colossal  Iguanodon  was  provided  with  bone-cells 
formed  after  the  same  type  as  the  tiny  lizard  that  crosses 
our  path ;  that  the  bones  of  the  gigantic  Dinornis  exhibit 
110  diiference  in  structure  from  those  of  its  representative, 
the  Artery x  ;  that  the  bones  of  the  Mastodon  and  Megathe- 
rium— those  terrestrial  giants  of  the  pre- Adamite  earth — are 
modelled  after  the  type  which  we  see  in  our  domestic  quadru- 
peds, and  in  man  himself. 

The  following  table,  from  the  above-mentioned  paper,* 
shows  the  measurement  of  the  bone-cells  in  Pishes,  Reptiles, 
Birds,  and  Man. 

MEASUREMENT  OF  THE  BONE-CELLS  IN  PARTS  OP  AN  ENGLISH  INCH. 
(Transverse  sections.) 


HUMAN 


OSTRICH 


TURTLE 


CONGER  EEL 


f  Long  diameter 


Short  diameter 


Long  diameter 


Short  diameter 


j"  One  of  the  largest 
\  One  of  the  smallest 


f  One  of  the  largest 

\  One  of  the  smallest  -g^-Q 


Long  diameter 

Short  diameter 

j  Long  diameter 

I  Short  diameter 


f  One  of  the  largest 

\  One  of  the  smallest  •g%-s-Q 

J  One  of  the  largest     s^ 
\  One  of  the  smallest  3-^50" 

f  One  of  the  largest      -g^ 
\  One  of  the  smallest  y^ 


J  One  of  the  largest 

\  One  of  the  smallest  -g-^o 

{One  of  the  largest     -g-t^ 
One  of  the  smallest  —^3-g 


{One  of  the  largest 
One  of  the  smallest  •s$i-ff 


*  Transactions  cf  the  Microscopical  Society,  vol.  ii.  partii.  p,  46. 
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The  skeleton  is  divided  into  three  distinct  parts: — the 
HEAD,  the  TBTJNK,  and  the  EXTBEMITIES  (fig.  182). 


FIG.  182.— The  Megatherium. 

The  head  is  composed  anteriorly  of  theface,  formed  of  two 
jaws,  of  which  the  lower  is  moveable  ;  of  the  orbital  cavities 
or  sockets  for  the  eyes ;  and  posteriorly  of  the  cranium,  or 
osseous  case  for  lodging  and  protecting  the  brain.  The 
trunk  is  supported  by  the  spinal  axis,  composed  of  a  series 
of  separate  bones  called  vertebrae,  which  are  moveable 
on  each  other,  but  firmly  united  together  by  joints,  liga- 
ments, and  a  connecting  substance.  To  the  central  part  or 
body  of  each  vertebra  is  articulated  an  arch  of  bone  for 
lodging  and  protecting  the  spinal  cord.  The  first  verte- 
bra carries  the  skull,  and  the  posterior  vertebrae  are  often 
prolonged  into  a  tail.  To  the  sides  of  some  of  the  vertebrae 
are  attached  the  ribs,  which  form  a  cage  for  lodging  and  pro- 
tecting the  organs  of  respiration,  circulation,  and  often  those 
of  digestion.  The  ribs  are  for  the  most  part  united  before 
to  a  breastbone  or  sternum.  The  extremities,  when  they 
exist,  never  exceed  two  pairs,  but  the  posterior  pair,  or 
both,  are  sometimes  absent. 

The  Vertebrata  are  divided  into  four  classes : — Fishes, 
Reptiles,  Birds,  Mammifera. 
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CLASS  I.— FISHES. 


FIG.  183. — Perca  fluviatilis. 

Pishes  are  organised  for  an  aquatic  life,  and  respire  by 
gills  or  branchiae.  Their  heart  receives  only  venous  blood 
from  the  body,  which  it  propels  through  the  organs  of  res- 
piration, to  be  submitted  to  the  influence  of  the  oxygen  of 
the  water.  The  general  circulation  through  their  bodies  is 
maintained  by  a  contractile  dorsal  vessel. 

The  body  of  the  fish  is  formed  so  as  to  give  the  least  pos- 
sible resistance  to  the  medium  it  inhabits.  It  is  furnished 
with  fins,  which  balance  and  guide  its  movements,  the  pro- 
pulsion through  the  water  being  effected  for  the  most  part 
by  the  action  of  the  inflector  muscles  of  the  tail.  The  fins 
consist  of  a  fold  of  the  integument,  sustained  by  osseous  or  car- 
tilaginous pieces,  called  rays,  which  are  either  articulated  to 
the  vetebral  column  or  to  the  bones  of  the  anterior  or  poste- 
rior extremities.  Some  of  the  fins  are  placed  on  the  median 
line  of  the  back,  abdomen,  and  tail,  as  the  dorsal,  anal,  and 
caudal.  Others,  as  inspectoral  and  abdominal,  are  disposed 
in  pairs,  and  represent  the  extremities  (fig.  183).  The 
bones  of  fishes  are  either  osseous  or  cartilaginous,  as  they 
have  a  greater  or  lesser  proportion  of  earthy  matter  in  their 
composition.  They  have  no  medullary  cavity.  They  contain 
less  gelatine,  have  a  larger  proportion  of  water,  and  are  less 
dense  and  compact  in  their  texture  than  those  of  the  higher 
classes.  The  bones  of  fishes  resemble  those  of  the  embryo 
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of  reptiles  and  mammals,  in  having  the  component  elements 
of  many  parts  of  their  skeleton  permanently  separable  from 
each  other ;  a  circumstance  •which  renders  the  study  of  their 
osteology,  especially  that  of  the  skull,  a  matter  of  much 
difficulty. 

Many  of  the  numerous  bones  which  the  student  meets 
with  in  the  cranium  of  fishes,  are  detached  elementary  parts 
of  the  cranial  vertebra),  which  are  united  to  their  neighbouring 
elements  in  the  cranial  vertebrae  of  reptiles  and  quadrupeds. 

The  bodies  of  the  spinal  vertebrae  are  formed  of  concentric 
layers,  which  are  broadest  at  the  circumference,  and  are 
narrowest  at  the  centre.  They  are  therefore  doubly  con- 
cave, and  are  readily  identified  in  a  fossil  state  by  this 
character  alone. 

The  skin  of  fishes  is  covered  with  scales,  which  contain 
about  forty-six  per  cent,  of  the  'phosphate  of  lime ;  so  that 
scales  in  reality  resemble  bone  in  composition.  In  this 
respect  they  differ  essentially  from  the  horny  covering  of 
reptiles.  In  consequence  of  the  scales  of  fishes  being  found 
preserved  when  all  other  parts  of  their  structure  have- 
disappeared,  a  new  arrangement  of  this  class  has  been 
made,  which  is  based  on  the  organisation  of  their  dermal 
covering. 

The  teeth  of  fishes  present  great  varieties,  as  regards  their 
number,  form,  and  structure,  so  that  no  general  description 
can  possibly  convey  a  correct  idea  of  their  dentition ;  and  as 
our  limits  prevent  us  from  entering  into  details,  we  must 
direct  the  student  to  the  best  sources  of  information.  Pro- 
fessor Owen's  "Lectures  on  Comparative  Anatomy,"  vol.  ii. 
lect.  9,  contains  a  valuable  summary  on  the  subject,  and 
more  elaborate  details  will  be  found  in  his  great  work  on 
Odontography.  Professor  Eymer  Jones's  article,  Pisces, 
in  the  "  Cyclopaedia  of  Anatomy,"  ought  likewise  to  be 
consulted.  But  the  student  would  do  well  to  procure  very 
thin  vertical  and  transverse  sections  of  the  teeth  of  the 
different  orders  and  families  of  fishes,  mounted  in  Canada 
balsam,  which  he  ought  to  study  attentively  with  the  micro- 
scope. Figures  and  descriptions  are  very  good,  but  the 
natural  objects  are  far  better ;  and  these  preparations  will  at 
the  same  time  form  good  standards  for  the  comparison  of  fossil 
specimens.  The  Cuvierian  classification  of  fishes,  although 
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admirably  adapted  for  living  forms,  was  neither  sufficient  nor 
applicable  in  all  cases  to  the  fossil  remains  of  this  class.  It 
occurred,  therefore,  to  Professor  Agassiz,  the  great  master 
of  this  branch  of  Palaeontology,  that,  as  the  scaly  appendages 
of  the  tegumentary  membrane  were  often  preserved  in  a  fossil 
state  when  the  other  structures  of  the  fish  had  perished,  that 
the  scales  would  afford  the  palaeontologist  the  surest  basis 
for  the  division  of  the  class  into  orders  and  families.  More- 
over, as  the  tegumentary  covering  of  the  vertebrated  animals 
harmonises  so  completely  with  the  other  parts  of  their 
economy  as  to  be  in  fact  the  outward  reflection  of  the  internal 
organisation,  the  modifications  in  the  structure  of  the  exo- 
skeleton  were  taken  as  the  basis  of  the  new  classification.  On 
this  principle,  Agassiz  divided  the  class  into  four  orders  : — 
I.  The  first  order,  or  PLACOID,  comprises  those  so  termed 
from  7rXa|,  a  broad  plate;  they  have  the  skin  irregularly 
covered  with  plates  of  enamel,  sometimes  large,  as  in  the 
rays,  sometimes  reduced  to  small  points,  as  in  the  sharks. 
(Pig.  184.) 


FIG.  184. 


Fm.  185. 


II.  The  second  order,  or  G-ANOID,  so  called  from  yavos, 
splendour,  because  they  are  covered  regularly  with  angular 
scales,  composed  of  horny  or  bony  plates,  coated  externally 
with  a  bright  enamel.  (Fig.  185.) 


FIG.  186. 


FIG.  187 


III.  The  third,  or  CTENOID,  from  KTCIS,  a  comb,  includes 
such  as  are  characterised  by  scales,  jagged  or  denticulated 
on  the  posterior  margin,  as  in  the  perch.  (Pig.  186.) 


T  2 


276  PALEONTOLOGY.        * 

IV.  The  fourth  order,  or  CYCLOID,  from  KVK\OS,  a  circle, 
have  scales  smooth  and  simple  on  the  margin,  and  often 
ornamented  with  various  figures  on  their  upper  surface. 
The  herring  and  the  salmon  are  examples.  (Fig.  187.) 

As  the  secondary  epoch  is  called  the  "  age  of  Reptiles" 
the  primary  epoch  may,  with  equal  justice,  be  denominated 
the  age  of  Fishes.  They  were  the  only  vertebrate  animals 
in  the  ocean  that  deposited  the  palaeozoic  rocks,  and  were  the 
tyrants  of  the  seas  of  those  remote  periods.  At  the  com- 
mencement of  the  secondary  epoch,  the  dominion  of  the 
waters  was  shared  between  them  and  the  ancient  reptiles. 
During  the  oolite  period,  they  became  subordinate  to  that 
class,  and  their  numerous  genera  afforded  nourishment  to 
the  marine  Saurians,  which  nourished  to  the  close  of  the 
secondary  epoch. 

Order  PLACOID,  AGASS. — Have  the  body  covered  with 
horny  plates  instead  of  scales,  which  are  often  armed  with 
a  median  spine,  or  are  bristled  with  small  eminences  like  a 
rough  file,  as  in  the  sliagreen  of  sharks.  (Fig.  184.) 

The  skeleton  is  soft  and  cartilaginous,  and  with  the  excep- 
tion of  the  bodies  of  the  vertebrae,  the  teeth,  rays,  and  tegu- 
mentary  plates,  we  seldom  find  it  preserved  in  a  fossil  state. 
It  is  on  the  form  and  structure  of  these  fragments,  therefore, 
that  the  fossil  genera  have  been  established  by  Agassiz= 

1st  Family. — The  BAJACID^E,  of  which  the  ray  is  typical, 
have  the  body  depressed  in  the  form  of  a  disc,  and  covered 
with  spiniferous  plates.  The  genera  of  this  family  are  thus 
distributed :  PtycTiacantTius  in  the  Devonian,  Pleur -acanthus 
in  the  carboniferous,  and  palaeozoic,  Squaloraya,  and  Cyclar- 
thrus  in  the  liasic,  Asterodermus,  Euryarthra  in  the  Oxford 
stage  of  the  oolites.  Three  are  found  in  the  eocene,  and 
three  in  the  newer  tertiary  strata.  Of  these  twelve  genera, 
seven  are  extinct,  and  five  are  living. 

2nd  Family. — The  PBISTID^:  have  the  saw-fish  for  their 
type.  The  bones  of  the  face  are  developed  into  a  long  pro- 
jecting blade,  armed  laterally  with  osseous  spines.  An 
extinct  species  of  Pristis  is  found  in  the  Paris  beds. 

3rd  Family. — The  CESTRACIOKTDJE  have  the  body  elon- 
gated, the  teeth  flat,  and  embedded,  like  a  tesselated  pave- 
ment, in  the  jaw.  Of  this  family  we  know  only  one  living 
genus,  Cestracion  (the  Port  Jackson  shark),  and  fourteen 
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fossil  genera.  To  this  family  belong  the  large  flat  teeth 
(Acrodus  nobilis)  met  with  in  the  lias. 

4th  Family. — The  HYBODID^;,  the  type  of  which  is  Hylo- 
dusj  an  extinct  genus,  allied  to  the  sharks,  with  conical, 
but  not  compressed,  teeth.  The  genera  are  distributed  in 
the  different  stages  from  the  carboniferous  to  the  neocomian. 

5th   Family.— The   SQUALID^E,  have   for  their  type   the 


FIG.  1SS.— Tooth  of  the  Fossil  Genus,  Otodus. 

Syualus,  or  shark,  of  our  seas.  Characterised  by  their 
elongated  body,  adapted  for  rapid  motions,  by  their  sharp, 
triangular,  lancet-shaped  teeth.  Twenty  fossil  genera  have 
been  identified.  Figs.  188  and  189  show  the  forms  of  the 
teeth  in  Otodus  and  Lamna. 

6th  Family. — The  CHIM^BID^E,  have  for  their  type  the 
Chimcera  of  our  seas.  The  fossil  genera  commence  in  the 
oolitic,  but  are  most  abundant  in  the  tertiarv  strata.  JN"one 
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of  the  seven   fossil  genera   of  this   family  have  any  living 
representative. 


FIG.  189.— Teeth  of  Lamna. 

(a  &  d)    Teeth  of  Lamna,  agreeing  in  form  with  species  abundant  in  the  London  clay 

and  red  crag. 
(5)    Tooth  probably  of  the  same  genus,  but  of  an  undescribed  species,  provided  with 

quadrate  lateral  denticles, 
(c)    Tooth  of  Lamna  with  two  pairs  of  denticles. 
(e)    A  tooth,  of  which  the  form  probably  depends  upon  its  situation  having  been  near 

the  termination  of  the  series. 


ICHTHTODOEFLITES  are  the  spines  of  the  dorsal  fins  of 
placoid  fishes.  On  the  form  and  structure  of  these  singular 
bodies,  several  new  genera  have  been  established. 

The  Order  GANOID,  Agass. — Have  the  body  enclosed  in  a 
coat  of  mail  formed  of  the  scales.  These  are  composed  of 
two  substances — an  internal  horny  or  osseous  lamina,  and  an 
external  layer  of  hard  enamel,  brilliant  and  polished  like  the 
surface  of  the  teeth.  The  scales  are  generally  of  an  angular 
or  rhomboidal  form ;  they  are  regularly  united  by  their 
margins,  and  lock  into  each  other  in  a  singular  and  compli- 
cated manner,  by  a  spine  and  socket. 

The  bones  of  the  skeleton  are  more  dense  than  in  the 
placoids,  but  they  are  not  so  completely  ossified  as  in  the 
other  orders.  In  the  Sturgeon  the  skeleton  is  cartilaginous. 

1st  Family. — The  ACIPENSERIDJE,  of  which  the  Sturgeon 
is  the  type,  have  the  body  protected  by  ranges  of  dermal 
plates.  We  know  two  genera.  A  fossil  species  of  Acipenser 
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is  found  in  the  eocene  of  Sheppey  ;  and  Chondrosteus  is  found 
in  the  lias  of  Lyme  Regis. 

2nd  Family. — The  SYI*  G^ATHID^;,  of  which  Syngnatlius  is 
one  of  the  types;  they  are  encased  in  a  cuirass  of  bony  plates, 
of  a  form  which  gives  the  body  an  angular  figure.  This 
family  includes  many  living,  and  two  fossil  genera  from 
the  beds  of  Monte-Bolca. 

3rd  Family. — The  DIODONTIDJE — Have  the  jaws  covered 
with  enamel,  which  represent  the  teeth.  Their  scales 
develope  long  spines.  We  know  many  living  genera  and 
a  single  fossil  Diodon  from  the  tertiary  strata. 


FIG.  190.— Ostracion  quadricornis. 

4th  Family. — The  OSTEACIOKID^!,  of  which  the  Trunk- 
fish  Ostracion  (fig.  190)  is  typical.  The  body  is  encased  in 
an  osseous  box,  formed  of  polygonal  plates.  Fossil  genera  of 
this  family  are  found  in  the  cretaceous  and  tertiary  strata. 

5th  Family. — The  •  CEPHALASPIDJG  have  the  head  and 
the  anterior  part  of  the  body  covered  with  osseous  plates, 
which  sometimes  form  a  complicated  cuirass.  They  have  a 
heterocercal  tail,  or  that  organ  is  absent ;  the  head  is  flat 
and  round ;  the  mouth  is  situated  at  the  under  surface  01 
the  head,  and  is  often  without  teeth ;  the  body  is  flat ;  the 
pectoral  fins  are  sometimes  greatly  elongated  in  some  genera 
and  absent  in  others  ;  the  ventrals  are  always  deficient ;  the 
skeleton  is  very  simple'  and  reduced  to  a  rudimentary  deve- 
lopment of  its  peripheral  parts  ;  the  dorsal  cord  is  persistent 
through  life,  to  which  are  attached  bony  processes.  It  is 
remarkable  to  find  in  the  adult  condition  of  this  ancient 
family  several  of  the  phases  of  structure  which  all  fishes 
exhibit  in  the  course  of  their  embryonic  development.  The 
several  genera  of  which  it  is  composed  have  been  a  great 
puzzle  to  palaeontologists ;  their  remains,  when  first  dis- 
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covered,   having  been  regarded  as  trilobites  by  some,  and 
referred  to  the  class  of  insects  by  others.     For  an  admirable 


FIG.  191. — Coccosteus  cuspidatus :  Agass. 


description  of  the  Cephalaspida,  graphic  beyond  all  praise,  the 
student  should  consult  Hugh  Miller's  "  Ol'd  Bed  Sandstone." 
The  five  genera  it  contains  are  limited  to  the  Devonian 
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system.  They  are  Ceplialaspis,  Coccosleus  (fig.  191),  Pteri- 
chtliys  (fig.  192),  Polyphractus,  and  Pamphractus.  The  old 
red  sandstone  of  Scotland  and  England  has  yielded  these 
precious  relics ;  many  specimens  of  which  are  now  in  tho 
British  and  other  Museums. 


FIG.  192. — I'terichthys  :  Agass. 

6th  Family. — The  PYCNODONTIDJ. — Have  broad  or  round 
teeth  embedded  in  the  jaws.  The  genera  range  from  the 
triasic  and  oolitic  to  the  tertiary  period ;  none  now  exist. 

7th  Family. — The  CELACANTHID^E — Have  the  bones  of 
the  skeleton,  especially  those  of  the  rays,  in  the  form  of 
hollow  tubes  ;  the  tail  fin  is  very  peculiar ;  the  spinal  column 
is  prolonged  through  the  middle  part  thereof  to  form  a  long 
style,  and  the  rays  are  carried  on  a  separate  range  of  inter- 
fipophysal  bones ;  their  dentition  resembles  the  preceding 
family.  The  twelve  genera  which  belong  to  it  range  between 
the  Devonian  and  cretaceous  periods. 
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8fch  Family. — The  AcuoLEPisiDyE — Include  the  great 
sauroid  fishes,  with  heterocercal  tails,  and  large  pointed 
conical  teeth  alternating  with  smaller  ones.  The  genera 
SauricJitJiys  and  ^MegalichtJiys  were  the  tyrant  monsters  of  the 
waters  they  inhabited.  Five  of  the  twelve  genera  it  includes 
appeared  for  the  first  time  in  the  Devonian  group ;  they 
attained  their  greatest  development  in  the  carboniferous 
stage,  and  became  extinct  with  the  triasic. 

9th  Family. — The  POLTPTEEID^ — Are  sauroid  fishes, 
with  hornocercal  tails.  Of  the  sixteen  genera  of  this  family, 
fourteen  are  extinct,  and  two  are  still  living.  They  were 
created  at  the  commencement  of  the  oolitic  period,  after 
the  last  heterocercal  sauroids  had  become  extinct.  They  are 
most  abundant  in  the  Oxford  and  upper  stages  of  the  oolitic 
period,  and  are  found  in  the  chalk.  The  Polypterus  of  the 
Nile,  and  the  Lepidosteus,  or  bony  pike,  of  the  American 
lakes  and  rivers,  are  the  living  types. 

10th  Family. — The  DIPTERID^:  resemble  the  ACROLEPI- 
SID.E,  in  the  form  of  the  tail,  and  of  their  scaly  armour ;  but 
they  possess  two  dorsal  and  two  ventral  fins.  We  find  two 
genera — the  Osteolepis,  in  the  Devonian  stage :  and  the 
Dipterus,  in  the  carboniferous. 

llth  Family. — The  ACANTHODIDJE  have  the  tail  hetero- 
cercal ;  the  teeth  unequal,  and  the  body  covered  with 
microscopic  scales.  The  four  genera  of  this  group  are 
Devonian — one  passes  into  the  carboniferous  stage,  but  the 
family  became  extinct  at  the  close  of  the  palaeozoic  epoch. 

12th  Family. — The  PAL^ONSICID^;  comprehends  the 
Lepidoid  fishes  with  heterocercal  tails ;  they  have  small 
teeth  arranged  on  many  lines  in  the  interior  of  the  mouth  ; 
the  scales  are  rhomboidal  in  form,  and  are  arranged  in 
parallel  lines  on  the  body ;  they  have  one  dorsal  and  one 
ventral  fin.  "We  know  six  genera ;  five  commenced  with  the 
carboniferous  stage,  of  which  three  passed  into  the  triasic, 
and  one  is  special  to  the  Oxford  oolite. 

13th  Family. — The  LEPIDOTIDJS  embraces  the  Lepidoid 
fishes  with  homocercal  tails.  The  ten  genera  which  compose  it 
are  all  extinct ;  seven  genera  are  found  in  the  lias.  It  attained 
its  maximum  development  of  species  in  the  Oxford  stage. 
In  the  cretaceous  strata  there  are  three,  and  in  the  inferior 
tertiary,  only  one,  the  Lepidotus. 
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The  Order  CYCLOID. — Have  the  body  coveredwith  circular 
or  elliptical  scales  of  a  simple  homy  or  osseous  structure 


FIG.  193.— The  Pike  (Esox  lucius}. 

without  enamel,  and  with  the  posterior  border  nearly  smooth. 
The  external  surface  of  the  scale  is  often  marked  in  relief,  with 
the  lines  of  growth  (fig.  187).  The  scales  of  the  lateral  line 
form  tubes  through  which  the  mucus  flows,  that  varnishes  the 
surface  of  the  body  of  these  fishes.  The  skeleton  is  osseous. 
This  order  includes  many  of  the  malacopterygiens  and  acan- 
tliopterygiens  of  Cuvier  ;  the  Salmon,  the  Carp,  and  the  Pike 
(fig.  193),  maybe  regarded  as  its  typical  forms.  The  cycloid 
order  was  created  during  the  deposition  of  the  flinty  chalk  of 
the  cretaceous  period.  It  contains  no  extinct  family,  but  a 
great  number  of  extinct  genera  which  are  most  numerous  in 
the  ancient  strata.  Thus  nearly  all  the  cycloid  genera  of  the 
chalk  are  extinct,  and  more  than  one  half  of  those  of  Grlarus 
and  Monte-Bolca  are  so  likewise.  As  we  ascend  through 
the  tertiary  stages,  the  extinct  genera  diminish,  and  the 
cycloid  ichthyolites  of  these  beds  belong  for  the  most  part 
to  extinct  species  of  existing  genera. 

Order  CTENOID. — Have  horny  scales,  composed  of 
plates  :  the  posterior  borders  of  which  are  denticulated ;  the 
plates  are  of  unequal  size,  and  are  super-imposed  on  each  ; 
and  as  the  inferior  always  exceeds  the  superior  layer,  the 
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points  of  the  denticulations  render  the  scaly  surface  of  the  fish 
rough  to  the  touch  (fig.  186).  The  skeleton  is  osseous,  and 
the  Perch  is  typical  of  the  order.  The  ctenoids  were  created 
towards  the  close  of  the  cretaceous  period.  Their  remains 
are  found  in  the  upper  stages  of  the  chalk  of  England  and 
Germany.  The  schists  of  Glarus  contain  great  numbers. 
They  are  abundant  in  the  strata  of  Monte-Bolca,  the  London 
clay,  and  the  Parisian  tertiaries.  The  gypsums  of  Aix  and 
the  fresh-water  strata  of  (Eningen  contain  numerous  species. 
Almost  all  the  genera  of  this  order  found  in  the  cretaceous 
rocks  are  extinct,  and  more  than  half  the  genera  found  at 
Monte-Bolca  are  so  likewise,  whilst  in  the  upper  stages  of 
the  tertiary  period  the  fossil  species  belong  to  extinct  forms 
of  existing  genera.* 

The  profound  researches  of  Professor  Agassiz  on  fossil 
fishes  have  enabled  that  learned  zoologist  to  deduce  certain 
important  generalisations  from  their  palaeontological  history, 
a  condensation  of  which  we  shall  endeavour  to  embody  in  our 
resume  of  the  class. 

The  Placoids,  among  which  are  the  rays  and  the  sharks, 
were  created  at  the  commencement  of  the  palaeozoic  epoch, 
and  were  introduced  into  the  seas  that  deposited  the  Silurian 
rocks.  They  attained  the  maximum  of  their  generic  develop  • 
inent  in  the  carboniferous  stage.  They  diminished  in  the 
triasic,  were  again  augmented  in  the  oolitic,  and  remained 
stationary  to  the  close  of  the  tertiary  epoch.  The  rays  and 
the  sharks  are  the  only  representatives  of  this  group  in  our 
modern  seas.  We  conclude,  therefore,  that  from  the  close 
of  the  palaeozoic  or  first  great  epoch  of  the  animalisation 
of  our  globe,  down  to  the  present  time,  the  placoid  fishes 
have  exhibited  an  order  of  decadence,  both  as  regards  the 
number  of  the  families  and  the  genera  they  contain. 

The  Ganoids,  which  include  the  Polypterus  and  Lepidosteus, 
have  obeyed  a  law  of  development  nearly  akin  to  that  which 
regulated  the  decline  and  fall  of  the  placoids.  The  palaeozoic 
rocks  contain  thirty-four  genera  of  ganoids,  of  which  twenty- 
eight  belong  to  the  Devonian  stage.  They  dimmish  in 
numbers  in  the  triasic,  and  attain  their  maximum  development 

*  As  the  Cycloid  and  Ctenoid  orders  contain  no  extinct  families,  we  Lave 
omitted  the  description  thereof;  for  which  consult  "  Cuvier's  R£gne  Animal," 
find  "  Agassiz's  Poissons  Fossiles.11 
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in  the  oolitic  period,  the  different  stages  of  which  contain 
thirty -five  genera  of  this  order.  They  greatly  decrease  in 
numbers  in  the  cretaceous  and  tertiary  strata,  and  have  a 
few  representatives  in  our  seas.  "We  conclude,  therefore, 
that  with  the  close  of  the  oolitic  period,  the  ganoids  com- 
menced their  decline. 

The  Cycloids,  which  include  the  carp  and  the  pike,  present 
a  remarkable  contrast  to  the  placoids  and  ganoids ;  for  none 
of  the  fossil  fishes  found  in  the  palaeozoic,  triasic,  or  oolitic 
strata,  belong  to  the  cycloid  order.  Their  creation  dates 
from  the  commencement  of  the  newer  stages  of  the  creta- 
ceous period.  They  were  introduced  into  the  seas  that 
deposited  the  upper  beds  of  the  white  flinty  chalk.  They 
increased  in  numbers  in  the  tertiary  strata,  and  have 
attained  their  maximum  development  in  our  modern  seas. 
All  the  fossil  genera  appertain  to  families  now  living. 

The  Ctenoids  followed  the  cycloids  in  their  geological 
march.  They  commenced  their  career  with  a  few  genera  in 
the  upper  stage  of  the  chalk.  A  great  many  genera  are 
found  in  the  tertiary  strata,  but  their  maximum  development 
has  taken  place  in  the  modern  epoch.  Like  the  cycloids,  all 
the  fossil  genera  belong  to  existing  families. 

From  this  comparative  view  of  the  four  orders  of  fishes, 
we  learn  that  the  placoids  and  ganoids  had  their  greatest 
development  in  the  seas  of  the  past,  whilst  the  cycloids  and 
ctenoids  have  their  maximum  development  in  the  waters  of 
the  present  epoch.  Four-fifths  of  the  fishes  now  living 
belong  to  the  cycloid  and  ctenoid  orders  ;  the  remaining 
fifth  consists  of  placoids  and  a  limited  number  of  ganoids. 
Unlike  the  mollusca,  whose  generic  forms  have  lived  through 
many  successive  periods,  the  different  faunas  of  fishes  are 
separated  from  each  other  by  well-defined  genera.  Each  type 
appears  to  have  been  destined  to  exist  for  a  limited  time,  as 
the  entire  creation  of  one  epoch  differs  from  that  of  another. 

Thus  no  fossil  fish  obtained  from  strata  anterior  to  the 
chalk  is  identical  with  any  genus  now  living.  All  these 
ancient  fishes  differ  from  those  of  our  modern  seas  by  well- 
defined  structural  characters. 

The  number  of  extinct  genera  is  very  considerable  even 
in  strata  that  are  regarded  (speaking  comparatively)  a? 
modern.  Thus  the  fishes  of  Grlarus  and  Monte-Bolca, 
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referred  to  the  eocene  stage  of  the  tertiary  period ;  of  these, 
one  half  of  the  genera  are  now  extinct,  whilst  in  the  newer 
stages  of  this  period  nearly  all  the  fossil  species  belong  to 
existing  genera. 

In  the  strata  anterior  to  the  lias,  almost  all  the  fishes 
had  heterocercal  or  unilobed  tails  (fig.  194)  ;  that  is  to  say, 
the  spinal  vertebra  were  prolonged  into  the  npper  lobe  of 
that  organ,  as  seen  now  only  in  the  family  of  sharks,  of  which 
the  dog-fish  of  our  coasts  is  an  example.  "Whilst  from  the 
lias  upwards  the  tails  of  the  majority  of  fishes  were  bilobed 
or  homocercal.  (Fig.  195.) 


TIG.  194.— Heterocercal ;  Shark.  FIG.  195.— Homocercal ;  Herring. 

As  the  ancient  fishes  have  left  their  remains  in  the  rocks 
of  all  epochs,  they  afford  a  satisfactory  demonstration  of  the 
law  which  limits  fossil  forms  to  different  stages  of  the  earth's 
history.  Of  the  one  thousand  fossil  species  at  present 
known,  not  one  is  identical  with  any  species  now  living,  and 
none  of  the  fossil  species  pass  from  one  stage  to  another. 

The  history  of  fossil  fishes  affords  an  unanswerable  argu- 
ment against  the  hypothesis,  that  a  gradual  development  in 
the  species  of  animals  has  taken  place  during  past  ages ;  an 
idea  now  better  known  as  the  development  theory.  "We 
have  seen  that  the  fossil  fishes  belonging  to  the  placoid  and 
ganoid  orders,  which  are  in  fact  the  most  highly  organised 
types  of  the  class,  approached  reptiles  in  some  important 
points  of  their  anatomy;  that  these  highest  orders  maintained 
their  dominion  during  the  deposition  of  the  paleozoic,  triasic, 
and  oolitic  strata,  and  preserved  their  typical  structure 
through  all  the  changing  conditions  to  which  they  were 
exposed.  The  cycloid  and  ctenoid  orders  were  not  created 
until  towards  the  close  of  the  cretaceous  period ;  their  orga- 
nisation being  inferior  to  the  placoids  and  ganoids,  they 
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could  only  have  appeared  by  a  special  act  of  creation,  as  it 
would  be  fatal  to  the  hypothesis  of  development  to  admit 
that  higher  organisms  could  become  the  progenitors  of  lower 
forms, 

In  fine,  the  history  of  fossil  fishes  supplies  abundant 
evidence  in  support  of  the  opinion  that  the  Almighty  has, 
from  time  to  time,  created  those  forms  of  life  which  were 
best  adapted  to  the  changing  conditions  of  the  earth's  sur- 
face. Hence  we  see  families  and  genera  appearing  in  great 
numbers,  destined  to  live  for  a  limited  time,  and  to  become 
extinct  with  the  close  of  the  stage  they  characterise. 

CLASS  II.— EEPTILES. 

The  class  Eeptilia  is  one  of  the  most  interesting  to  the 
palaeontologist,  as  the  fossil  remains  of  many  of  its  extinct 
forms  present,  in  some,  remarkable  adaptations  of  structure 
to  their  mode  of  life,  in  others  dimensions  so  gigantic,  and 
in  all,  a  geographical  distribution  so  different  from  the 
actual  condition  of  nature,  that  we  enter  upon  the  inquiry 
with  an  enthusiasm  equal  to  the  novelty  of  the  subject. 

The  class  is  divided  into  four  Orders  : — The  CHELONIANS, 
or  Tortoises  ;  the  SATJEIANS,  or  Lizards ;  the  OPHIDIANS,  or 
Serpents,  and  the  BATB,ACHIAISTS,  or  Frogs  and  Salamanders. 
This  class  comprehends  all  the  vertebrated  animals  with  cold 
blood,  whose  respiration  in  the  adult  state  (if  not  in  early 
life)  is  aerial  and  incomplete.  The  head  is  small,  and  the 
body  is  for  the  most  part  much  elongated.  The  extremities 
are  sometimes  rudimentary  or  absent,  as  in  serpents,  but  in 
general  they  are  four  in  number,  and  are  adapted  for  walking, 
swimming,  or  flying.  All  the  parts  of  the  skeleton  present 
important  modifications  in  the  different  orders. 

The  skull  is  always  small  and  the  face  elongated.  The 
lower  jaw  is  composed  of  several  pieces,  and  is  articulated 
to  the  upper  jaw  by  a  distinct  iDone  (the  tympanic)  ;  some- 
times this  bone  is  a  moveable  lever  for  the  purpose  of  increas- 
ing the  gape.  The  upper  jaw  is  in  general  immoveable.  In 
some  reptiles,  as  the  lizards  and  the  tortoises,  the  lateral 
bones  of  the  skull  arch  over  and  cover  the  temporal  bones, 
and  thus  make  their  cranium  appear  much  larger  than  it  in 
reality  is.  The  skull  is  in  general  slightly  moveable,  and 
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is  articulated  to  the  vertebral  column  by  a  single  condyle 
with  several  articulating  surfaces. 

The  bones  of  the  trunk  present  many  modifications  in  their 
form  and  arrangement.  In  the  lizards,  the  ribs  are  more 
numerous  than  in  birds  and  mammals,  and  they  extend 
around  the  abdominal  as  well  as  the  thoracic  organs.  In 
serpents,  the  sternum  is  absent,  and  the  ribs  are  important 
instruments  for  locomotion,  when  added  to  the  ball  and 
socket  mode  of  articulation  of  the  spinal  column.  Their 
number  is  very  considerable,  amounting  in  some  to  300  pairs. 

In  the  frogs  the  converse  of  this  type  is  found.  The  ribs 
are  absent,  and  the  sternum  is  greatly  developed,  to  form 
with  the  bones  of  the  shoulder  a  girdle  for  the  articulation  of 
the  anterior  extremities. 

In  the  tortoises,  the  thoracic  and  abdominal  organs  are 
inclosed  in  an  osseous  case,  into  which  likewise  the  head 
and  extremities  can  be  withdrawn.  It  is  formed  of  two 
shields,  the  dorsal  or  carapace,  and  the  ventral  or  plastron, 
joined  together  at  the  sides.  The  expansion  of  the  ribs  forms 
the  carapace,  and  the  elements  of  the  sternum  the  plastron. 
This  cuirass  is  externally  coated  with  large  scaly  plates. 

The  extremities  present  modifications  corresponding  with 
their  varied  modes  of  life.  Thus,  in  the  land  tortoises  and 
lizards  they  are  constructed  for  walking.  In  the  chameleon 
the  bones  of  the  hand  are  arranged  in  two  divisions  for 
grasping,  like  a  forceps,  the  branches  of  the  trees  in  which 
they  live.  In  those  formed  for  an  aquatic  life,  the  extremities 
are  converted  into  flat  oars  for  swimming.  Such  is  the  case 
in  the  marine  turtles,  and  in  the  ancient  marine  saurians,  the 
ichthyosaurus  and  plesiosaurus.  Those  which  are  destined 
for  an  arborial  life  have  the  skin  of  the  flanks  stretched  out 
upon  the  six  false  ribs  which  extend  horizontally  outwards 
to  form  a  parachute  for  sustaining  the  lizard  whilst  leaping 
from  branch  to  branch.  Other  extinct  forms,  the  pterodac- 
tyle,  had  one  finger  of  the  hand  enormously  developed  into 
a  rod  for  supporting  a  true  wing  like  the  bats. 

In  consequence  of  the  arterial  blood  of  reptiles  being 
always  mixed  with  a  proportion  of  venous  blood,  the  tempe- 
rature of  their  bodies  is  nearly  that  of  the  surrounding 
medium.  Their  organic  functions  are,  therefore,  much 
influenced  by  changes  of  temperature.  Cold  greatly  dimi- 
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nislies  the  action  of  the  heart  and  lungs,  slackens  the 
play  of  all  the  vital  organs,  and  produces  a  state  of  hyberna- 
tion.  A  diminution  of  the  temperature  to  about  40°  to  50° 
is  almost  always  fatal  to  these  animals.  It  is  important  to 
bear  this  physiological  law  of  their  economy  in  recollection 
when  reasoning  on  the  past  conditions  of  the  earth  in  those 
latitudes  where  reptile  remains  are  discovered  entombed. 

The  skeletons  of  reptiles  are  found  nearly  entire  in  the 
liasic  beds  of  the  oolitic  period  and  in  other  secondary 
rocks.  "We  refer  the  student  who  is  anxious  to  become 
acquainted  with  the  marvellous  structure  of  these  denizens 
of  the  ancient  earth  to  the  magnificent  specimens  con- 
tained in  the  British  Museum,  and  in  those  of  Bristol  and 
Cambridge. 

The  lacustrine  eocene  strata  of  Hampshire  and  the  Isle  or 
"Wight  have  yielded  nearly  perfect  carapaces  of  turtles  and 
the  skulls  of  crocodiles  and  an  alligator.  The  eggs  of 
chelone  are  found  in  the  falunian  stage  of  the  Gironde,  and 
the  coprolites  of  this  class  are  strewed  through  many  rocks 
of  the  oolitic  and  cretaceous  periods,  and  the  foot-prints  of 


FIG   196. — The  Green  Turtle  (Chelonia  midas). 
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reptiles  are  preserved  in  the  new  red-sandstone  of  Scotland, 
England,  Germany  and  America.  "  The  historian  or  the 
antiquary  may  have  traversed  the  fields  of  ancient  or  of 
modern  battles,  and  may  have  pursued  the  line  of  march 
of  triumphant  conquerors,  whose  armies  trampled  down 
the  most  mighty  kingdoms  of  the  world.  The  winds  and 
storms  have  utterly  obliterated  the  ephemeral  impressions 
of  their  course.  Not  a  track  remains  of  a  single  loot,  or  a 
single  hoof,  of  all  the  countless  millions  of  men  and  beasts 
whose  progress  spread  desolation  over  the  earth.  But  the 
reptiles  that  crawled  upon  the  half-finished  surface  of  our 
infant  planet,  have  left  memorials  of  their  passage,  enduring 
and  indelible. 

"  No  history  has  recorded  their  creation  or  destruction  ; 
their  very  bones  are  found  no  more  among  the  fossil  relics  of 
a  former  world.  Centuries  and  thousands  of  years  may 
have  rolled  away  between  the  time  in  which  these  footsteps 
were  impressed  by  tortoises  upon  the  sands  of  their  native 
Scotland,  and  the  hour  when  they  are  again  laid  bare,  and 
exposed  to  our  curious  and  admiring  eyes.  Yet  we  behold 
them,  stamped  upon  the  rock,  distinct  as  the  track  of  the 
passing  animal  upon  the  recent  snow,  as  if  to  show  that 
thousands  of  years  are  but  as  nothing  amidst  eternity,  and 
as  it  were  in  mockery  of  the  fleeting  perishable  course  of 
the  mightiest  potentates  among  mankind."  * 

Eirst  Order. — CHELONIA.  Have  the  ribs  transformed  into 
a  carapace,  and  the  sternum  into  a  plastron,  to  form  an  osseous 
case  for  containing  the  organs  of  circulation,  respiration,  and 
digestion.  The  extremities  are  constructed  for  a  terrestrial 
or  an  aquatic  life,  and  the  carapace  and  plastron  present 
modifications  which  characterise  the  terrestrial,  palustrine, 
and  marine  families. 

1st  Family. — The  TESTUDIN^,  or  land  tortoises,  are  cha- 
racterised by  the  height  and  solidity  of  the  carapace,  which  is 
covered  with  a  variable  number  of  non-imbricated  scales. 
The  parts  which  correspond  to  the  vertebraB  have  five  plates  ; 
there  are  four  on  each  side  covering  the  ribs,  and  twenty- 
three  disposed  around  the  border,  5 +  8  4-23=36.  The  toes 
are  short,  united  to  their  extremities,  and  are  adapted  for 

*  Dr.  Buckiand's  Bridgcwater  Treatise,  p.  263. 
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walking.  To  this  family  are  referred  the  foot-marks  found  on 
slabs  of  new  red-sandstone  in  the  quarries  of  Corn  Cockle 
Muir,  Dumfries-shire.*  Bones  of  Testudo  have  been  found 
in  the  great  oolite  of  England,  the  chalk  of  America,  and 
in  the  tertiary  strata  of  France.  Fragments  of  an  extinct 
genus,  fyTeqalochelys,  have  been  discovered  in  India  by 
Cautley  and  Falconer,  in  the  newer  tertiary  bed  of  the 
Himalaya.  The  bones  justify  the  inference,  that  the  cara- 
pace of  this  giant  was  about  twenty  feet  in  length;  the 
remains  of  tortoises  have  been  found  by  "Weiss  with  the 
bones  of  the  megatherium,  in  South  America. 

2nd  Family. — The  EMYSID^,  or  Marsh  Tortoises,  have 
the  carapace  of  an  oval  form,  solidly  articulated,  but  more 
depressed  than  that  of  the  Testudina3.  The  toes,  four  to 
five  in  number,  are  long  and  distinct,  and  united  at  then1 
base  by  a  membrane  to  adapt  the  extremities  for  swimming. 
This  family  contains  extinct  and  living  genera.  The  extinct 
genera  are  IdiocJielys,  from  the  Oxford  stage  of  Kelheim; 
jEurygtcrmm,  from  Solenhofen,  and  Tretosternon,  from  the 
Purbeck  stage  of  the  wealden.  "We  know  extinct  species 
of  Emys  from  the  Kimmeridge  clay  of  Soleure  in  France, 
and  from  the  wealden  of  England  and  Germany.  Five  species 
of  the  same  genus  are  found  in  the  eocene  stage  of  Sheppey. 
Fossil  species  of  Platenvys  are  found  in  the  Kimmeridge 
stage  of  England  and  Switzerland.  Two  species  have  been 
obtained  from  the  eocene  stage  of  Sheppey,  and  from  the 
tertiary  beds  of  the  same  age  in  France  and  Belgium. 
Species  of  Chelydra  and  Cletnmys  are  found  in  the  upper 
tertiaries  of  the  continent  of  Europe. 

3rd  Family. — The  TRIOJSTXIDJE,  or  fluviatile  tortoises, 
have  the  body  flat,  the  carapace  and  the  plastron  large,  much 
depressed,  and  united  by  cartilage,  deprived  of  horny  plates, 
and  covered  with  a  soft  integument.  The  plastron  is  incom- 
pletely ossified,  and  the  original  cartilaginous  state  of  the 
margin  of  the  carapace  is  persistent  through  life.  The  feet 
have  five  toes,  of  which  three  only  have  nails ;  hence  the 
name,  trionyx.  The  two  unarmed  toes  support  a  webbed 
membrane  for  swimming.  All  the  living  Trionyxida3  are 

*  Sir  W.  Jardine,  Rep.  Brit.  Association,  refers  these  foot-marks  to  two 
genera,  Ckelichnus  and  Herpctichnus.  See  the  heautiful  illuminated  plates 
in  his  "Ichnology  of  Annandale." 
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found  only  in  the  streams,  rivers,  and  great  fresh-water  lakes 
of  the  warmer  regions  of  the  earth. 

Very  fine  specimens  of  the  fossil  species  of  this  family, 
nine  in  number,  have  been  found  in  the  lacustrine  eocene  sand 
of  Hordwell,  the  fresh- water  limestone  of  the  Isle  of  "Wight, 
the  clay  of  Sheppey,  and  the  sands  of  Bracklesham.  Eor  an 
admirable  description  and  exquisite  figures  of  these  Trionyces, 
the  student  is  referred  to  the  monograph  by  Professors  Bell 
and  Owen.*  The  Hordwell  specimens  are  in  the  cabinet  of 
the  Marchioness  of  Hastings.  The  annexed  figures  are  from 
specimens  obtained  from  the  fresh-water  limestone  of  the 


of  Wight.f 


FIG.  197.— Sternal  Plate  of     Fresh-water  Turtle,  from  Binstead. 

(One-third  linear  the  natural  size.) 
The  outline,  a,  represents  the  corresponding  portion  of  the  plastron. 

4th  Family. — The   CHELONID^,  or  marine  turtles,  have 
the  carapace  cordiform  and  depressed  like  an  elliptical  arch, 

*  Palscontograpliical  Society. " 
f  Dr.  Mnntcll's  Isle  of  Wight. 
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the  extremities  flattened,  arid  enveloped  in  a  horny  integu- 
ment, to  form  oars  for  swimming.  The  anterior  pair  are 
nearly  double  the  length  of  the  posterior  pair.  (Pig.  196.) 


FIG.  198.— Portion  of  the  Carapace  of  a  Fossil  Turtle,  from  St.  Helen's. 
(Size  of  the  original  carapace  sixteen  inches  long,  and  nine  wide.) 

The  head  is  proportionally  large,  and  cannot  be  retracted 
within  the  carapace :  as  a  compensation,  it  is  protected  by  an 
accessory  bony  shield,  formed  by  an  exogenous  growth  from 
the  frontals,  parietals,  post-frontals,  and  mastoids,  and  not 
by  the  introduction  of  any  new  bones  into  the  architecture 
of  the  cranium.  The  remains  of  this  family  have  been  found 
in  the  muschelkalk,  in  the  weal  den,  the  lower  stage  of  the 
cretaceous  period  at  G-laris,  and  the  upper  stage  of  the  same 
formation  at  Maastricht.  In  the  marine  eocene  tertiary  beds 
of  Sheppey,  Bracklesham,  Bognor,  -and  Harwich,  are  found 
perfect  skulls,  carapaces,  and  plastrons  of  chelone.*  Eleven 
species  are  described  and  figured  in  the  valuable  monograph 
referred  to  ;  it  is  a  remarkable  fact  that  the  clays  of  the  Isle 
of  Sheppey  contain  a  greater  number  of  species  of  CJielone 
than  are  known  to  exist  in  our  modern  seas.  Zoologists 
know  five  species  of  existing  Chelone,  and  only  two  of  these, 
CJiel.  midas,  and  CJiel.  caouanna,  frequent  the  same  locality. 
"It  is  obvious,  therefore,"  says  Professor  Owen,  "that  the 
ancient  ocean  of  the  eocene  epoch  was  much  less  sparingly 
inhabited  by  turtles,  and  that  these  presented  a  greater 
variety  of  specific  modifications  than  are  known  in  the  seas 
of  the  warmer  latitudes  of  the  present  day. 

*  Pictorial  Atlas,  plate  Ixix. 
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"  The  indications  which  the  English  eocene  turtles,  in  con- 
junction with  other  organic  remains  from  the  same  formation, 
afford  of  the  warmer  climate  of  the  latitude  in  which  they 
lived,  as  compared  with  that  which  prevails  there  in  the 
present  day,  accord  with  those  which  all  the  organic  remains 
of  the  oldest  tertiary  deposits  have  hitherto  yielded  in 
reference  to  this  interesting  point."* 

Second  Order. — SAURIA.  May  be  regarded  as  the  true 
type  of  the  Reptilian  Class.  They  have  an  elongated  body, 
with  four  extremities,  which  are  generally  directed  outwards. 
Their  feet  are  well  developed,  and  there  are  in  general  five  toes 
armed  with  claws.  The  number  of  the  spinal  vertebrse  varies 
much.  The  body  of  each  bone  in  existing  families  is  concave 
before,  and  convex  behind ;  the  ribs  are  always  present,  and 
are  united  to  a  sternum;  they  encircle  the  organs  of  the 
abdomen,  as  well  as  those  of  the  chest.  The  shoulders  are 


FIG.  199. — The  Crocodile  of  the  Nile.    (Crocodilus  vulgaris.) 

formed  of  three  pairs  of  bones,  the  scapula,  the  clavicles,  and 
the  coracoids,  articulated  together  to  form  an  arch,  which  sur- 

*  PalseonLographical  Monograph,  page  44. 
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rounds  the  anterior  part  of  the  chest,  and  forms  sockets  for 
lodging  the  round  head  of  the  arm-bones,  the  Jiumeri.  The 
pelvic  arch  is  in  like  manner  formed  of  three  pairs  of  bones 
articulated  to  the  spine  by  two  vertebra} :  the  tail  is  more  or 
less  developed.  The  Saurians  are  distinguished  from  Tor- 
toises, by  the  absence  of  a  carapace  ;  from  Serpents,  by  the 
possession  of  four  extremities,  moveable  eyelids,  and  fixed 
jaws;  and  from  Batrachians,  by  their  scaly  skin,  and  the 
absence  of  the  metamorphosis  through  which  that  order 
passes  in  early  life.  A  great  number  of  fossil  genera  refer- 
able to  extinct  families  have  been  found.  Some  of  these 
present  modifications  of  the  bony  skeleton  which  are  quite 
unique.  The  Saurians  of  the  secondary  period  depart  most 
from  living  forms,  and  those  which  belong  to  existing  genera 
are  inhumed  in  the  tertiary  strata. 

1st  Family. — The  CEOCODILIDJE,  represented  by  the  croco- 
dile of  the  Nile,  (Kg.  199,)  includes  several  extinct  genera. 
The  form  of  the  articulating  surfaces  of  the  bodies  of  the 
vertebra  enables  us  to  subdivide  them  into  those  which  have 
the  vertebra}  concavo-convex,  fii-concave,  and  convexo-concave. 
To  the  first — the  concavo-convex,  which  have  the  body  of  the 
vertebra}  concave  before  and  convex  behind — belong  the 
existing  genera  Crocodilus  and  Alligator.  We  find  several 
species  of  fossil  crocodiles  in  the  tertiary  strata  of  Europe, 
Asia,  and  America.  Tine  skulls  and  other  parts  of  the 
skeleton  of  fossil  crocodiles  and  alligators  have  been  obtained 
from  the  crocodile  bed  at  Hordwell.  The  tribe  with  li-concave 
vertelrce  is  formed  of  extinct  genera  which  lived  during  the 
secondary  epoch.  Here  we  group  the  Teleosaurus,  which 
had  the  muzzle  and  the  skull  of  the  gavial.  ^Elodon,  Mys- 
triosaurns,  Macrospondylus,  Gnathosaurus,  MacJiceosaurus, 
Pleurosaurus,  Steneosaurus,  Pelagosaurus,  are  all  found  in 
the  different  stages  of  the  oolitic  period.  Succhosaurus  and 
OoniopJiolis  are  from  the  wealden  of  England ;  Phytosaurus, 
the  most  ancient  crocodile,  is  from  the  trias  of  Germany ; 
and  Pcecilopleuron  is  from  the  great  oolite  of  Normandy. 

The  group  with  convexo-concave  vertebrae  are  those  which 
have  an  inverse  disposition  of  the  articulating  surfaces  of 
these  bones  to  what  exists  in  living  types :  to  this  group 
belong  a  species  of  Streptospondylus,  from  the  Kimmeridge 
stage  of  Havre,  and  a  second  from  the  wealden  of  Kent. 
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The  Cetiosaurus  has  the  bones  spongy  like  those  of  cetacea, 
with  no  medullary  cavity  in  the  long  bones ;  this  genus, 
it  is  conjectured,  attained  the  size  of  our  largest  whales.  Of 
the  four  species  known,  one  is  from  the  Portland  stage,  and 
the  others  are  from  the  wealden  of  England. 

2nd  Family. — The  MEGALOSATJEIKID^.  This  family  is 
formed  of  extinct  reptiles,  remarkable  for  their  gigantic 
dimensions,  "and  for  possessing  a  combination  of  anatomical 
characters  which  are  found  in  no  living  genus  of  this  class, 
by  which  the  reptilian  type  of  structure  is  connected  with 
the  mammalian,  and  a  transition  established  between  the 
crocodiles  and  the  lizards.  They  resemble  the  mammalia 
in  the  form  and  size  of  the  bones  of  their  extremities,  in 
which  a  well-developed  medullary  cavity  is  excavated.  Their 
feet  were  short  and  resembled  those  of  the  pachyderms. 
The  sacrum  was  formed  of  five  vertebrae  soldered  together 
as  in  mammals;  whilst  in  all  other  reptiles,  living  and 
fossil,  the  sacrum  is  composed  only  of  one  or  two  bones. 
The  teeth  of  some  resembled  those  of  crocodiles,  whilst  those 
of  others  were  allied  to  lizards.  This  family  comprises 
three  genera. 

The  Megalosaurus  had  a  straight  muzzle,  flattened  on  the 
sides,  like  the  dolphin  of  the  Ganges.  The 
teeth  were  compressed  and  sabre-shaped, 
and  finely  denticulated  on  the  edges. 
(Fig.  200.)  The  mode  by  which  they 
were  fixed  in  the  jaw  is  intermediate  be- 
tween the  crocodiles  and  the  lizards.  They 
were  attached  to  the  external  wall  of  the 
maxillary  bones  in  distinct  sockets ;  internal 
to  the  row  in  use  were  others  in  different 
stages  of  development,  destined  to  replace 
FIG.  200.  those  that  were  lost  through  decay  or 
accident.  This  disposition  of  the  teeth 
siate.  is  analogous  to  the  dentition  of  many  exist- 

ing lizards.  The  remains  of  this  genus  are  found  in  the 
great  oolite  of  England  and  Normandy,  also  in  the  three 
stages  of  the  wealden  in  England. 

The  Hylceosaurus  is  from  the  wealden  of  Tilgate  Forest. 
The  Iguanodon  is  allied  to  the  Iguana  by  the  form  of  the 
teeth  :  they  are  not  f.xed  in  distinct  sockets,  but  are  soldered 
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by  one  side  of  the  fang  to  the 
internal  surface  of  the  jaws.  The 
vertebral  bones,  and  those  of  the 
extremities,  prove  that  this  genus 
attained  gigantic  dimensions. 
(Fig.  201.) 

The  figure  of  the  tooth  shows 
the  singular  structure  of  the 
crown,  and  how  it  was  worn 
down  by  attrition.  The  Iguano- 
don  was  terrestrial  and  herbivo- 
rous. (Fig.  202.) 

3rd  Family. —  The  LACEE- 
TINID^:  is  composed  of  nume- 
rous genera  of  living  and  ex- 
tinct reptiles,  which  have  the 
lizards  for  their  type.  The  ex- 
isting genera  are  small  ter- 
restrial animals,  but  the  ex- 
tinct genera  were  of  colossal 
dimensions,  and  are  supposed 
to  have  been  marine.  We  refer 
to  this  family : — 

The  Protorosaurus,  from  the 
Permian  stage  of  Tubingen. 

The  Thecodontosaurus  and 
Palceosaurus,  from  the  dolomitic 
conglomerate  of  Bristol. 

The  Cladyodon,  from  the  Keii- 
per  of  Warwickshire. 

The  Mosasaurws,  from  the  chalk 
of  Maestricht,  France,  England, 
and  North  America.* 

The  Geosaurus,  from  the  Oxford 
stage  of  Solenhofen. 

The  Leiodon,  from  the  chalk  of 
Norfolk. 

The  Rapliiosaurtis,  from  the 
chalk  of  Cambridge. 


FIG.  201. 
Left  Femur  of  an  Iguanodon.     From 

Brook  Bay. 
(The  original  40  inches  in  length.) 

a,  Upper  trochanter ;  5,  middle  tro- 
chanter;  c,  inner;  d,  outer  condyle; 
e,  groove  between  the  condyles. 


*   Pictorial  Atlas,  plate  Ixx. 
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The  JRhi/nchosaurus,  from  the  new  red-sandstone  of 
Grinshill. 

4th  Family. — The  ICHTHYOSATJEID^.  This  singular  family 
is  composed  of  large  extinct  marine  reptiles,  which  had 
structural  affinities  with  the  modern  cetacea,  and  by  which 
a  transition  is  made  from. the  reptilian  to  the  mammalian 
types  of  structure :  it  comprises  several  genera. 

The  Ichthyosaurus*  had  the  general  contour  of  a  dolphin, 
the  head  of  a  lizard,  the  teeth  of  a  crocodile,  the  sternal 
arch  of  an  ornithorhynchus,  and  the  paddles  of  a  whale.  The 
sclerotic  coat  of  the  eye  was  encircled  by  a  series  of  osseous 
plates  like  the  sclerotic  of  tortoises,  birds,  and  some  saurians.f 
The  extremities  are  shortened,  and  converted  into  oars,  and 
Jv;r!  consist  of  a  number  of  small  cubical  bones  arranged  like  a 
tesselated  pavement,  firmly  tied  together  by  ligaments,  and 
enveloped  in  the  common  integument.  Their  flexible  spines, 
^  \  powerful  tails,  and  oar-like  fins,  rendered  them  admirably 
adapted  for  an  aquatic  life,  and  the  form  and  structure  of 
their  teeth  show  that  they  were 
carnivorous.  Their  intestinal  canal 
was  short,  like  that  of  some  fishes, 
and  was  furnished  with  a  spiral 
valve.  We  form  this  conclusion 
from  the  impression  observed  on 
the  surface  of  the  coprolites,  which 
we  find  enclosed  in  their  bodies, 
and  strewed  among  the  strata  with 
their  remains.  We  know  one  spe- 
cies from  the  muschelkalk  of  Lune- 
ville,  in  Germany.  This  genus 
attained  its  greatest  development 
in  the  lias.  The  different  stages 
of  the  oolites  contain  their  remains, 
and  they  have  been  found  in  strata 
of  the  same  age  in  North  America. 
The  Plesiosaurus  had  the  head 
of  a  lizard,  the  teeth  of  a  crocodile, 
a  neck  of  enormous  length  like  the 

*  See  the  frontispiece  for  restored  figure  of  this  reptile. 
*f*  Dr.  Wright,  on  the  Comparative  Anatomy  of  the  Organs  of  Vision,  Chel- 
tenham Magazine,  1837. 
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body  of  a  serpent,  the  trunk  and  tail  of  a  quadruped,  the 
ribs  of  a  chameleon,  and  the  extremities  of  a  whale.     The 


FIG.  203. — Plesiosaurus  grandipinnis 
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plesiosaur  has  been  likened  to  the  body  of  a  serpent  con- 
cealed in  the  carapace  of  a  turtle  :  the  neck  had  thirty- three 


FIG.  204.— Pterodactylus  crassirostris.    Goldfuss. 

vertebrae,  whilst  in  other  genera  of  this  class  the  numbers 
vary  from  three  to  eight.  It  probably  lived  in  still  water, 
not  far  from  the  shore.  The  first  species  is  found  in  the 
trias,  but  their  greatest  development  was  during  the  depo- 
sition of  the  lias.  They  are  found  in  the  other  stages  of 
the  oolite,  and  in  the  chalk  of  New  Jersey,  IT.  S.  (Fig.  203.) 

The  Pliosaurus  was  a  gigantic  reptile,  intermediate  be- 
tween the  two  preceding  genera.  We  know  two  species 
from  the  Oxford  and  Kimmeridge  clays. 

Seven  species  of  Notliosaurus  have  been  found  in  the 
Devonian,  Permian,  and  conchylian  stages.  Diacosaurus, 
Conchiosaurus,  Simosaurus,  and  Pistosaurus,  are  from  the 
mtischelkalk  of  Germany ;  and  Spondylosaurus  is  from  the 
oolite  of  Moscow. 

5th   Family. — The   PTERODACTTLIDJE.     If  the   Ichthyo- 
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sauridse  were  remarkable  for  a  combination  of  reptilian  with 
cetacean  types  of  structure,  the  Pterodactylida?  are  no  less 
so,  for  the  singular  affinities  they  establish  between  birds, 
bats,  and  lizards.  It  includes  but  one  genus,  Pterodactylus* 
In  the  length  of  the  neck,  and  in  the  form  of  the  head,  it 
resembles  a  bird.  (Fig.  204.)  The  trunk  and  the  tail  are 
like  a  quadruped.  The  numerous  conical  recurved  teeth  are 
formed  after  the  Saurian  type.  The  anterior  extremities  are 
constructed  after  the  character  of  bats  ;  the  radical  finger 
having  been  greatly  elongated,  and  adapted  for  supporting  a 
membranous  wing,  by  which  these  ancient  reptiles  were 
enabled  to  soar  through  the  air.  "We  know  seventeen  species 
of  this  remarkable  genus;  one  from  the  lias;  one  from  the 
great  oolite  ;  fourteen  from  the  Oxford  stage  of  Solenhofen ; 
and  one  from  the  wealden. 

6th  Family. — The  LABYEIKTHODONTID^.  Had  the  surface 
of  the  cranial  bones  wrinkled.  The  structure  of  the  skull 
of  this  family  is  intermediate  between  the  Saurians  and  the 
Batrachians.  The  form  of  their  jaws,  with  their  large  teeth  im- 
planted in  sockets,  establish  an  evident  analogy  between  them 
and  the  Ichthyosauridse ;  whilst  some  anatomical  points  in 
the  osteology  of  the  skull  appear  to  connect  them  with  the 


FIG.  205.— Python  tigris. 
*  See  frontispiece. 
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Batrachians.  Their  teeth  are  conical,  slightly  curved,  and 
striated  on  the  surface.  Their  microscopic  character  is 
remarkable  for  the  labyrinth-like  arrangement  of  the 
dentine,  from  whence  Professor  Owen  derived  the  name 
Jjabyrinthodon.  The  microscope  has  not,  however,  solved 
the  true  position  of  the  family ;  for  their  dental  structure 
is  equally  removed  from  the  crocodiles  and  the  frogs.  The 
sinuous  windings  of  the  plates  of  dentine,  seen  in  the 
transverse  section  of  the  teeth,  remind  us  of  the  structure 
observed  in  some  fishes ;  but  the  circumstance  of  the  teeth 
having  been  found  in  sockets  in  the  jaw  prevents  any  mis- 
conception as  to  the  class  to  which  they  belong.  "We  know 
five  species  of  Labyrinthodon  from  the  lower  stage  of  the 
new  red-sandstone  of  England. 

The  genera  Mastodonsaurus,  Capitosaurus,  and  Metopias, 
are  from  the  Keiiper,  of  Grermany.  It  is  conjectured 
that  the  foot-marks  described  as  belonging  to  the  genus 
Cheirotherium,  by  Kaup,  were  imprinted  by  the  genera  of 
this  family. 

Third  Order. — OPHIDIA.  Are  characterised  by  their  greatly 
developed  vertebral  column,  articulated  by  ball-and-socket 
joints  which  give  much  mobility  to  the  spine,  by  their 
numerous  ribs,  loosely  united  cranial  bones,  and  absence  of  a 
sternum  and  extremities.  (Eig.  205.)  Ophidian  remains  are 


FIG.  206.  FIG.  207. 

rare  in  a  fossil  state.  An  extinct  genus  Palaophis  has  been 
found  in  the  clay  of  Sheppey,  and  vertebrae  (fig.  206  and  207), 
probably  belonging  to  the  same,  were  found  in  the  sands  of 
Bracklesham,  and  in  the  eocene  sand  of  Kyson,  in  Suffolk. 
The  eocene  stage  of  Brussels  contains  a  fossil  species  of  Cro- 
talus  ;  and  a  species  of  Coluber  and  of  OpJiis  are  found  in  the 
sub-apennine  stages  of  Europe.  These  Ophidian  remains  con- 
firm the  inference  already  drawn  from  the  presence  of  tropical 
genera  of  Mollusca,  Chelonia,  and  Sauria,  in  the  eocene  ter- 
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tiary  strata  of  our  island,  that  the  temperature  of  the  north 
of  .Europe,  during  the  tertiary  epoch,  was  warmer  than  in  our 
day.  The  physiological  reasons  already  stated,  in  our  general 
remarks  on  the  class,  prove  that  it  would  be  impossible  for 
serpents  of  the  size  of  Palceopliis  to  live  in  the  present  climate 
of  the  south  of  England. 

Fourth  Order. — BATRACHIA.  Form  a  well-defined  group 
of  reptiles.  On  their  escape  from  the  egg,  they  present  an 
organisation  which  resembles  fishes.  They  breathe  by  gills ; 
lead  an  aquatic  life ;  and  soon  pass  through  a  series  of 
changes,  by  which  they  lose  the  gills,  acquire  feet  and  lungs, 
and  are  metamorphosed  into  perfect  Batrachia,  of  which  the 
frog  and  salamander  are  types.  In  addition  to  this  physiolo- 
gical character,  their  skeleton  differs  from  other  reptiles.  The 
skull  is  flat ;  the  teeth,  when  they  exist,  are  small,  sharp, 
-and  nearly  equal  throughout ;  the  ribs  are  absent,  or  are 


FIG.  208.— Rana  temporaria. 


merely  rudimentary.     "We  divide  the  order  into  two  families, 
characterised  by  the  presence  or  the  absence  of  a  tail. 
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1st  Family. — The  RANID^E.  Composed  of  those  which, 
like  the  frog,  have  no  tail  in  adult  life.  To  this  group  belong 
the  Paltfobatrachus,  from  the  sub-apennine  stage  near  Bonn; 
Pal&ophrynos  and  Palesophilus  are  from  the  sub-apennine  of 
(Eningen ;  to  the  existing  genus  liana  we  refer  some  extinct 
species  from  the  falunian  and  the  sub-apennine  stages  of 
"Weisenau. 

2nd  Family. — The  SALAMA^DRIDJB.  Formed  of  the 
genera  provided  with  a  tail.  To  this  group  belongs  the 
famous  fossil  skeleton  from  the  sub-apennine  of  (Eningen, 
which  Scheuchtzer  mistook  for  a  human  skeleton,  and 
described  under  the  name  Homo  diluvii  testis.  The 
Baron  Cuvier  detected  and  exposed  this  error.  He 
demonstrated,  beyond  all  doubt,  that  the  bones  belonged 
to  an  extinct  salamander,  Andrias  Scheitehtzeri  (fig.  209), 
the  length  of  which  was  nearly  five  feet.  Fossil  species 
of  the  existing  genus  Salamandra  are  found,  with  fossil 
Rana,  in  the  falunian,  and  the  sub-apennine  stages  of 
Sansan. 

In  reviewing  the  history  of  fossil  reptiles,  we  find  that 
they  have  obeyed  a  law  of  distribution  nearly  allied  to  that 
which  we  have  already  described  in  the  history  of  fossil  fishes. 
They  were  created  towards  the  close  of  the  palaeozoic  epoch, 
and  lived  in  the  subsequent  periods  of  the  earth's  eventful 
history. 

Reptiles  do  not  exhibit  any  growing  progression  in  their 
typical  forms ;  for  the  genera  which  lived  in  the  past  ages, 
and  have  left  their  remains  in  the  earth's  layers,  are  three 
times  more  numerous  than  those  which  exist  at  the  present 
time. 

The  study  of  these  remains  shows  that  there  has  been  a 
successive  replacing  of  animal  forms,  some  of  which  were 
ephemeral,  others  were  more  persistent,  whilst  in  all  there  has 
been  many  singular  departures  from  the  typical  structure 
of  reptiles  among  the  ancient  forms,  when  compared  with  the 
living  representatives  of  the  class. 

The  Saurians,  which  are  the  most  highly  organised  order, 
were  created  towards  the  close  of  the  palceozoic  epoch  :  the 
Protorosaurus,  from  the  Permian  strata  of  Thuringia,  attests 
this  fact.  They  increased  in  generic  forms  in  the  triasic,  and 
had  their  maximum  development  in  the  oolitic  and  wealden 
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FIG.  209. — Andrias  Sell  each  tzeri. 
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periods:  their  numbers  became  greatly  diminished  in  the 
cretaceous  stages ;  and  in  the  tertiary  strata  we  find  the 
remains  of  only  crocodiles  and  alligators. 

The  saurians  exhibit,  therefore,  an  order  of  decadence  from 
the  oolitic  period  down  to  the  present ;  for  we  cannot  for  a 
moment  compare  the  Crocodiles,  Manatis,  Iguanas,  and 
Lizards,  of  our  day,  with  the  enormous  reptiles  that  basked 
on  the  shores,  and  swam  in  the  waters, — that  trod  the  earth, 
and  flitted  through  the  air,  during  the  oolitic  and  wealden 
periods. 

We  have  seen  that  the  Saurians  form  six  families ;  of 
these,  four  are  now  entirely  extinct,  and  two  only  are  living 
— the  Crocodilidse  and  the  Lacertinida3. 

Of  the  extinct  families,  the  MEGALOSAIIEIDJE  lived  along 
the  shores  of  ancient  rivers,  from  the  great  oolite  to  the 
neocomian  stages. 

The  LABYKI^THIDJE  were  gigantic  frog-like  reptiles  of  like 
littoral  habits,  and  were  special  to  the  triasic  period.  They 
have  left  their  huge  foot-marks  on  the  muddy  shores,  and 
their  bones  in  the  Keiiper  strata  of  that  period. 

The  ICHTHYOSATJKLDJB  were  organised  solely  for  an  aquatic 
life  :  they  ranged  from  the  triasic  to  the  oolitic  periods,  but 
had  their  greatest  development  in  the  lias. 

The  PTEKODACTYLID^  differed  from  all  other  families  either 
living  or  extinct  in  the  structure  of  their  anterior  extremities, 
which  were  at  once  feet  and  wings,  and  fitted  these  reptiles 
for  leading  an  arboreal  life  in  the  forests  of  the  ancient  land. 
They  extended  their  range  from  the  lias  to  the  wealden 
stages,  but  were  most  abundant  about  the  middle  of  the 
oolitic  period. 

The  CJielonians  left  their  foot-steps  on  the  triasic  strata, 
and  have  lived  in  all  the  subsequent  periods.  They  attained 
their  greatest  development  in  the  modern  epoch. 

The  Ophidians  and  the  Batrachians  were  created  during 
the  tertiary  period,  so  that  in  reptiles  and  fishes,  the  orders 
the  most  inferior  in  organisation  were  the  last  created  of 
their  class.  Whilst  the  saurians  exhibit  a  decadence,  the 
ophidians  and  batrachians  show  a  great  increase  of  forms  in 
the  modern  epoch. 

The  theory  of  progressive  development  receives  no  sup- 
port from  the  facts  unfolded  by  the  history  of  fossil  reptiles. 
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The  genera  that  were  first  created,  belonged  to  the  most 
highly  organised  types  of  the  class,  whilst  those  which  ex- 
hibit a  persistent  form  of  some  of  the  stages  of  embryonic 
life,  as  the  frogs  and  salamanders,  did  not  appear  until  the 
tertiary  period.  This  fact,  it  will  be  remembered,  exactly 
accords  with  what  has  been  observed  in  the  stratigraphical 
distribution  of  fossil  fishes. 


CLASS  III.— BIRDS. 

THE  class  of  birds  is  one  of  the  most  natural  and  best 
defined  in  the  animal  series ;  whether  we  take  their  ex- 
ternal form  and  covering,  or  their  internal  organisation  and 
physiological  peculiarities,  as  the  basis  of  a  definition. 

They  are  vertebrated  animals,  with  warm  blood,  and  a 
double  and  complete  circulation.  They  breathe  the  elastic 
air,  not  only  by  lungs,  but  that  life-giving  fluid  penetrates 
abdominal  air  sacs,  and  even  the  bones  themselves.  The 
anterior  extremities  are  organised  to  form  wings ;  the  body 
is  covered  with  feathers,  and  they  are  oviparous. 

Birds  may  be  said  to  be  to  the  vertebrated,  what  insects 
are  to  the  invertebrated  classes.  The  structure  of  the 
skeleton  is  very  characteristic ;  the  bones  are  more  compact, 
white,  dense,  and  brittle  than  those  of  mammalia,  reptiles, 
and  fishes.  They  have  thinner  parietes,  and  their  internal 
cavities  are  proportionally  larger,  and  they  for  the  most  part 
contain  air  instead  of  marrow. 

Ossification  proceeds  to  a  greater  extent  in  this  than  in 
either  of  the  other  classes,  consequently  many  bones  which 
remain  separate  through  life  in  mammals  and  reptiles  are 
soldered  together  in  birds.  The  typical  form  of  the  skeleton 
is  well  preserved  in  all  the  different  orders  of  this  class. 
The  anterior  extremities  are  adapted  solely  for  flight,  the 
legs  for  support,  and  the  head  and  neck  are  long  and  exten- 
sively moveable  for  prehension.  The  trunk  is  fixed  and  solid, 
to  afford  a  firm  surface  for  the  attachment  of  the  muscles 
concerned  in  locomotion.  The  vertebrae  of  the  neck  and  tail 
are  nearly  the  only  bones  of  the  spinal  column  that  are 
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moveable  on  each  other.  The  shoulder  arch  is  formed  of 
two  clavicles  united  together  at  their  lower  ends,  to  form 
a  Y-shaped  bone,  known  as  the  merry-thought,  two  long 
blade-shaped  scapulae,  and  two  strong  coracoids.  These  six 
bones  are  firmly  tied  together  with  ligaments.  The  coracoids 
are  articulated  to  the  sternum,  and  resist  the  too  near 
approximation  of  the  arm  bones  to  the  median  line  in  the 
down  stroke  which  the  wing  makes  in  the  act  of  flying. 
The  sternum  is  a  broad  plate  of  bone  which  covers  the 
greater  part  of  the  inferior  surface  of  the  body,  as  in 
Chelonia.  It  has,  in  general,  a  median  elevated  crest,  destined 
to  give  a  more  extensive  attachment  to  the  pectoral  muscles. 
The  pelvis  is  formed  of  three  bones  on  each  side,  as  in 
reptiles  and  mammals,  but  in  birds  they  are  soldered  together 
into  a  single  piece,  which  extends  forwards  and  backwards 
from  the  cavity  of  the  hip-joint  along  the  sides  of  the  sacrum 
as  in  saurian  reptiles. 

In  the  anterior  extremities  we  find  an  arm-bone;  two 
bones  in  the  fore-arm,  and  carpal,  meta-carpal  and  phalanges! 
bones.  In  the  posterior  extremities  is  a  thigh  bone,  two  leg 
bones,  a  tarsus,  and  a  meta-tarsus,  formed  of  a  single  bone, 
which  presents  three  pulley-like  surfaces  on  its  lower  end,  for 
the  attachment  of  the  three  toes  which  are  directed  forwards, 
and  one  for  the  small  toe  or  thumb  which  is  directed  back- 
wards. The  number  of  joints  increases  in  each  toe,  com- 
mencing with  the  thumb,  which  has  two,  the  second  toe 
three,  the  third  toe  four,  and  the  fourth  toe,  which  has  five 
phalanges. 

The  skull  is  small  and  is  composed  of  thin,  compact  bones 
firmly  united  together.  The  orbits  are  large;  the  upper 
jaws  are  greatly  developed  by  the  elongation  of  the  bones  of 
the  face,  and  the  lower  jaw  is  articulated  to  a  tympanic 
bone  as  in  reptiles. 

The  jaws  are  covered  with  a  horny  coating,  as  in  Chelonia, 
and  are  adapted  as  organs  of  prehension.  The  uniformity 
of  the  typical  character  of  the  skeleton,  renders  the  osteology 
alone  an  imperfect  means  for  determining  the  orders  of  this 
class.  The  bill  and  the  feet,  so  important  to  the  zoologist, 
are  unfortunately  not  often  preserved  in  a  fossil  state.  For 
these  reasons,  our  knowledge  of  fossil  birds  is  much  behind 
that  of  the  other  classes  of  the  vertebrata. 
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Professor  Hitchcock  refers  to  birds,  the  fossil  foot-marks 
discovered  in  the  new  red-sandstone  of  Massachussets.  The 
imprints  succeed  each  other  regularly,  and  are  of  gigantic 
dimensions,  being  fifteen  inches  long,  and  ten  inches  broad,, 
and  from  four  to  five  feet  apart,  indicating  the  immense 
stride  of  the  animal.  No  bones  of  birds  have  been  found 
in  these  imprinted  strata,  and  it  is  yet  doubtful  whether 
they  belonged  to  birds  or  to  some  other  unknown  animal. 

1st  Order.— RAPTORES  (Birds  of  prey,  fig.  210).  To  this 
group  is  referred  the  extinct  genus  Lithornis,  found  in  the 
eocene  stage  of  Sheppey.  Fossil  species  of  Halicetus,  (fig. 
210),  J3uteo,  and  Stride  are  found  at  Montmartre.  Species 
of  Catartfjgsjm  the  sub-apennine  stage  of  Auvergne,  and 
=of  Fw7&and  Aquila  in  diluvium. 

2nd  Order.— INCE&SQEE&.  (or  Perchers,  fig.  211.).  To  this 
order  belongs  the  eSinct  genus  Protornis,  from  the  schists 
of  Glarus.  We  know  extinct  species  of  the  existing  genera, 
Turdus  (fig.  211),  Fringilla,  and  Corvus,  from  the  falunian 
stage  of  Sansan;  and  the  remains  of  Motacilla,  Andbates, 
Hirundo,  and  Caprimulgus  are  found  in  the  diluvium  of 
caverns. 


210.— Halisotus  leucoecpkilus. 
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3rd  Order. — SCANSORES  or  (Climbers,  fig.  212).  To  this 
order  belongs  the  extinct  genus  Halcyornis  from  the  eocene 
of  Sheppey,  and  Coccyzus,  Picus  (fig.  212),  and  Psittacus 
.from  the  osseous  caverns  of  Brazil. 


FIG.  211. — Turdus  iliacus. 


4th  Order.— RASORES  (or  Scratchers,  fig.  213).  All  the 
fossil  species  of  this  order  belong  to  existing  genera,  Perdix, 
from  the  eocene  of  Montmartre ;  Phasianus,  Gallw,  Nu- 
mida  (fig.  213),  Crypturus  from  osseous  caverns. 


FIG.  212.— Picus  viridis. 


5th  Order — CURSORES  (or  Runners,  fig.  214).  To  this 
group  belongs  the  new  genus  Dinornis,  whose  remains  have 
been  found  in  such  abundance  in  the  diluvium  of  ]S"ew 
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Zealand,  remarkable  for  the  colossal  dimensions  of  its  skele- 


FIG.  213. — Isumida  meleagris. 


ton,  part  of  which  is  now  in  the  Hunteriaii  Museum  of  the 
College  of  Surgeons.      We   know   five  species ;   one  was 


FIG.  214.— Casuarius  galeatus 
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upwards  of  twelve  feet  in  height.  Its  femur  (thigh-hone) 
measures  fourteen  inches  in  length,  and  seven  in  circum- 
ference. The  tibia  (leg-bone)  twenty-eight  inches  and  a 
half.  This  gigantic  bird  was  intermediate  in  structure  be- 
tween the  cassowary  (fig.  214)  and  the  apteryx. 

In  the  caverns  of  Brazil  are  found  an  extinct  species  of 
Rkea,  of  which  the  genus  still  lives  on  that  continent.  Cur- 
sores  with  a  compressed  beak  are  represented  by  an  extinct 
genus,  the  Dodo  (fig.  215) .  This  bird  is  known  from  a  descrip- 
tion given  by  one  of  the  early  Dutch  navigators.  A  foot  of  this 


FIG.  215.—  Didus  ineptus. 

remarkable  genus  is  preserved  in  the  British  Museum,  and 
a  head  in  the  Ashmolean  Collection  at  Oxford.  It  has, 
therefore,  become  extinct  during  the  human  epoch.* 

6th  Order.— GRALLATORES  (or  Waders).  An  extinct 
genus,  Palceornis,  has  been  found  fossil  in  the  wealden  of 
Kent.  A  species  of  Scolopax  in  the  chalk  of  Jersey,  U.S.  ; 
Tantalus,  Scolopax,  Numenius,  and  Fulua  in  the  eocene  of 
Montmartre  ;  Giconia  and  Scolopax  in  the  falunian  of  Wies- 
baden and  Wiesenau. 

Bones  of  Phcenicopterus  are  found  at  Auvergne,  and  those 

*  For  further  details  on  the  Dodo,  the  student  is  referred  to  the  beautiful 
monograph  by  Dr.  Melville  and  Mr.  Strickland. 
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of  Olis,  Rallus,  and  Crcx,  in  diluvian  deposits  with  the  pre- 
ceding genera. 

7th  Order. — NAT.ATORES  (or  Swimmers).  To  this  group 
belong  the  extinct  genus  Cimoliornis,  from  the  wealden  of 
Kent,  and  the  extinct  species  of  Carbo,  from  the  eocene  of 
Montmartre.  The  same  genus  with  Mergus  and  J^s  are 
found  in  the  sub-apennine  of  Auvergne  ;  and  Larus^Anser, 
and  Colymlus,  in  the  diluvium  of  caverns. 


CLASS  IT.— MAMMALIA. 

THIS  class  includes  man,  and  all  the  higher  quadrupeds 
that  nourish  their  offspring  during  the  first  months  of  their 
life  with  a  nutritious  secretion  or  milk,  furnished  by  two  or 
more  mamma?,  or  milk  glands.  Their  skeleton  presents 
important  modifications  of  structure,  which  serve  for  the 
distribution  of  the  class  into  many  natural  orders. 

The  skull  is  composed  of  three  vertebrae,  the  elements  of 
which  are  greatly  developed  and  expanded  to  form  the  cranium. 

The  first  is  the  occipital ;  the  second  the  sphenoid  with  the 
two  parietal ;  the  third  the  ethmoid  with  the  two  frontal. 
The  face  is  formed  of  the  two  upper  maxillary,  and  two 
inter-maxillary,  two  palate,  and  two  nasal  bones,  &c.,  &c. 
The  six  first  bones  form  the  upper  jaw.  The  lower  jaw  is 
formed  of  two  branches  united  at  the  median  line,  and 
articulated  by  two  condyles  to  the  glenoid  cavities  of  the 
temporal  bones,  without  any  intermediate  tympanic  bones,  as 
in  the  oviparous  vertebrata. 

The  spinal  vertebrae  are  divided  into  cervical,  dorsal,  lum- 
lar,  sacral,  and  caudal,  as  they  are  situated  in  the  neck, 
back,  loins,  sacrum  or  tail.  The  neck  is  always  formed  of 
seven  vertebrae ;  the  number  in  all  the  other  regions  varies 
much.  The  number  of  those  in  the  dorsal  region  corresponds 
with  the  number  of  the  ribs.  These  bones  are  united  before 
to  a  sternum,  formed  of  a  series  of  small  bones,  disposed  in  a 
line  and  united  end  to  end.  The  anterior  extremities  are 
formed  of  scapula,  or  blade-bones,  suspended  by  muscles  alone 
or  connected  with  the  sternum  by  clavicles,  or  collar-bones. 
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The  presence  of  a  clavicle  is  always  associated  with  certain 
uses  of  the  anterior  extremity ;  thus  monkeys,  rodents,  and 
carnivora  possess  this  bone  in  common  with  man,  but  it  is 
absent  in  ruminants  and  pachyderms.  The  arm  is  formed 
of  a  single  bone,  the  Tiumerus ;  the  fore-arm  of  two  bones,  the 
radius  and  ulna  ;  the  hand  is  formed  of  two  ranges  of  bones, 
the  carpal  and  meta-carpal,  and  the  pJialanges  of  the  fingers ; 
the  thumb  has  two  phalanges,  and  the  other  fingers  three. 
The  posterior  extremities  (the  cetacea  excepted,  in  which 
they  are  absent)  are  attached  to  the  spinal  column  by 
a  bony  arch,  or  pelvis,  formed  of  three  pairs  of  bones,  ilia, 
ischia,  and  pubes,  which  are  separate  in  early  life,  but  are 
firmly  soldered  together  in  adult  age.  The  thigh,  like  the 
arm,  consists  of  a  single  bone,  the  femur ;  the  leg,  like  the 
fore-arm,  of  two  bones,  the  tibia  and  the  fibula ;  the  foot, 
like  the  hand,  of  three  ranges  of  bones,  tarsal,  meta-tarsal, 
and  phalanges. 

The  jaws  are  for  the  most  part  armed  with  teeth,  which 
present  great  varieties  as  to  form,  structure,  and  arrangement 
in  the  different  orders;  the  teeth  are  very  dense  in  this 
class,  and  are  the  parts  of  the  skeleton  which  resist  destruc- 
tion longest ;  they  are  consequently  the  best  preserved :  the 
paleontologist,  therefore,  studies  their  form  and  microscopic 
structure  with  great  attention,  as  the  teeth  often  remain  in  a 
high  state  of  preservation  after  the  bones  have  been  decom- 
posed or  water-worn.  Some  mammals  are  preserved  entire 
by  the  antiseptic  power  of  ice,  as  the  rhinoceros  and  elephant 
of  Siberia,  in  which  even  the  muscles  and  the  ligaments, 
integument  and  hair,  were  preserved. 

We  arrange  the  class  into  two  divisions : — the  DLDELPHIA 
and  the  MONODELPHIA. 

The  DIDELPHIA,  by  a  certain  organic  disposition,  are  born 
in  an  immature  state  at  an  early  period  of  their  development, 
and  require  special  organs  for  their  preservation,  consisting 
of*  a  pouch  in  the  abdomen  of  the  mother,  in  which  are 
situated  the  nipples  of  the  milk  glands.  The  young  adhere 
to  these  organs  during  the  first  period  of  their  pouch-life, 
and  never  quit  the  mammae  until  their  development  has 
advanced.  The  didelphia  have  special  bones,  called  marsu- 
pial, for  supporting  the  pouch.  The  kangaroos,  and  other 
Australian  animals,  belong  to  this  class. 
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The  MONODELPHIA,  comprehend  the  great  majority  of 
the  mammalia.  In  this  group  the  young  have  attained,  at 
birth,  their  full  development,  and  require  only  the  care  of  the 
mother  and  the  nourishment  of  her  milk ;  they  have  neither 
a  marsupium  nor  marsupial  bones. 


MAMMALIA  DIDELPHIA 

Have  an  organisation  inferior  to  that  of  the  monodel- 
phians :  their  brain,  dental  system,  and  skeleton,  aiford 
proofs  of  an  organic  inferiority.  If  the  few  facts  we  possess 
relative  to  the  jaws  found  in  the  Stonesfield  slate  at  the 
base  of  the  great  oolite  are  confirmed  by  subsequent  ob- 
servers, then  the  creation  of  this  sub-class  must  have  long 
preceded  that  of  the  higher  mammals.  The  Stonesfield  fos- 
sils have  been  referred  by  Professor  Grant  of  London,  and 
the  late  Professor  De  Blainville  of  Paris,  to  reptiles ;  and 
by  MM.  Valenciennes  and  Dumeril  in  France,  and  Professor 
Owen  of  London,  to  mammifera.*  The  anatomical  evidence 
is  in  favour  of  the  latter  opinion. 

These  jaws  are  referred  to  two  genera,  Thylacotherium, 
which  has  numerous  smal^  bifanged  molar  teeth,  of  which  the 
annexed  wood-cut  will  convey  a  good  idea.  Two  species  of 
this  genus  have  been  found  at  Stonesfield. 


FIG.  216. — Jaw  of  the  Thylacotherium  from  Stonesfield. 

*  Mr.  "Waterhouse,  of  the  British  Museum,  whose  profound  knowledge  of 
the  Mammalia  entitles  his  opinion  to  the  highest  consideration,  has  no  doubt 
as  to  the  Mammalian  character  of  these  jaws.  The  specimens  which  he 
kindly  showed  us,  exhibit  the  mammalian  characters  in  a  marked  degree. 
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Pliascolotlierium  has  four  true,  and  three  false,  molars. 
Of  this  genus  only  one  species  is  known.  Two  extinct 
species  of  Didelphis,  all  the  living  species  of  which  aro 
limited  to  America,  are  found  in  the  eocene  of  Montmartre, 
at  Kyson  in  Suffolk,  and  in  the  caverns  of  Brazil.  Species  of 
Dasyurus,  Thylacinus,  JIalmaturus,  Hypsiprifaus,  are  found 
in  the  caverns  of  New  Holland. 


MAMMALIA  MONADELPHIA. 

The  organs  of  locomotion,  of  touch,  and  of  mastication 
afford  characters  for  the  sub-division  of  the  monodelphians 
into  the  following  orders : — 

1st  Order. — CETACEA.  Eesemble  fishes  in  their  external 
contour;  the  anterior  extremities  are  shortened  and  en- 


FIG.  217.— Balsena  mysticitos. 

veloped  in  skin  to  form  fins,  but  in  the  frame-work  of  these 
organs  we  find  the  representative  bones  of  the  arm  and  hand 
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of  other  mammals.  The  posterior  extremities  are  absent, 
and  the  body  terminates  in  a  broad  horizontal  fin.  (Fig.  217.) 
The  bodies  of  the  cervical  vertebra  are  much  flattened,  and 
the  portion  of  the  temporal  bone,  which  contains  the  internal 
ear,  is  united  to  the  temporal  by  ligaments. 

This  order  contains  three  families. 

The  BAL^NTDJE  (or  Whales)  have  an  enormous  head; 
the  jaws  are  provided  with  horny  lamina,  instead  of  teeth. 
Three  species  of  Balcenoptera  are  found  in  the  sub-apennine 
stage  of  Italy,  and  one  of  Balcena  from  the  same  stage  of 
Piedmont  and  the  United  States.  Two  species  are  found  in 
the  pleistocene  of  Herne  Bay,  and  the  diluvium  of  England. 

The  DELPH1NIDJ3  (or  Dolphins)  have  the  head  small, 
and  the  jaws  provided  with  numerous  sharp  conical  teeth 
(fig.  218.)  "We  know  two  extinct  genera  of  this  family, 
Ziphius,  from  the  eocene  of  Provence,  and  Balamodon,  from 
the  same  stage  in  England.  From  the  upper  tertiary  beds 
of  France,  England,  and  America,  species  of  Delphimis, 
Monodon,  and  PJimeter  have  been  obtained. 


FIG.  218.— Delphinus  delphis. 

The  MANATIDJB  (or  herbivorous  whales)  have  molar  teeth 
with  flat  crowns.  They  frequent  the  mouths  of  the  great 
rivers  in  the  tropical  regions  of  the  Old  and  New  Worlds. 
The  Dugong  (JHalicord)  and  the  Lamantin  (Manatus)  are  its 
living  types.  We  find  fossil  species  of  these  genera  in  the 
newer  tertiaries  of  Switzerland  and  of  ISTorth  America.  This 
family  contains  several  extinct  genera,  as  Metaxytherium,  of 
which  an  entire  skeleton  was  found  at  Beaucaire,  and  dif- 
ferent portions  in  the  falunian  stage  of  Touraine. 
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Zeuylodon,  at  first  described  as  a  reptile  under  the 
name  Basilosaurus,  was  shown,  from'  the  miscroscopic 
structure  and  mode  of  implantation  of  the  teeth,  to  be  a 
cetacean.  "We  know  one  species  from  the  eocene  stage  of 
Alabama,  U.  S. 

Dinotlierium  had  a  large  head,  with  a  flat  occipital  bone, 
and  large  nasal  fossa,  opening  upwards ;  arched  nasal  bones, 
and  large  holes  for  the  passage  of  the  fifth  pair  of  nerves  ; 
hence  it  is  inferred  that  the  animal  possessed  a  proboscis. 

The  lower  jaw  had  two  enormous 
teeth  that  curved  downwards 
(fig.  220).  The  molars  are  f, 
and  are  allied  to  the  tapirs  and 
the  lamantins  (fig.  219).  This 
singular  animal  was  supposed  to 
be  a  quadruped,  and  was  restored 
by  Kaup,  as  shown  in  the  annexed 
figure  (fig.  220).  The  true  rela- 
tion of  this  extinct  genus  is  not 
yet  determined.  The  flatness  of 
the  occiput,  the  high  position  of 
the  condyles,the  absence  of  crests 
for  the  attachment  of  ligaments 
to  carry  so  large  and  so  massive 
a  skull,  the  down-curved  tusks 
of  the  lower  jaw,  like  those  of  the  young  lamantin,  together 
with  the  form  of  the  ocular  and  temporal  fossa3,  and  the 
form  of  the  molars,  led  De  Blainville  to  the  supposition 
that  it  was  a  cetacean,  whilst  Kaup  and  Owen  consider 


FIG.  217. 
Tooth  of  Dinotherium. 


FIG.  220.— The  Dinothcriiun. 


MAMMALIA. 


319 


it  a  pachyderm,  allied  to  tlie  tapir  and  mastodon.  A  per- 
fect skull  was  found  at  Eppelsheim,  and  less  perfect  speci- 
mens have  "been  detected  in  the  miocene  stages  of  Erance, 
Germany,  and  Switzerland.  This  remarkable  genus  lived 
for  a  limited  time ;  it  was  created  about  the  middle  of  the 
tertiary  period,  and  became  extinct  towards  its  close.  The 
remains  of  three  species  are  found  in  the  middle  and  upper 
tertiaries  of  Erance,  and  in  the  upper  tertiaries  of  Germany 
and  Switzerland. 

2nd  Order. — RUMINANTIA.  They  all  subject  their  food  to 
a  complicated  process  of  digestion,  and  have  a  compound 
stomach,  with  four  compartments,  for  that  purpose.  They 
have  no  incisor  teeth  in  the  upper  jaw,  but  only  a  callous  pad 
instead  thereof.  Their  feet  are  provided  with  hoofs.  The 
frontal  bone  is  often  armed  with  horns,  which  are  some- 
times supported  upon  a  bony  axis.  The  lower  jaw  has 
from  six  to  eight  incisors.  Some  have  canine  teeth,  in 
others  they  are  absent.  They  have  always  |:f  molars  ;  the 
crowns  are  marked  with  double  crescents,  the  convexity  of 
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FIG.  221.— Bos  scoticus. 


which  is  directed  inwards  in  the  molars  of  the  upper,  and 
outwards  in  those  of  the  lower  jaw.  The  feet  are  termi- 
nated with  two  toes ;  the  metacarpal  and  the  metatarsal 
bones  are  soldered,  to  form  a  single  canon  bone.  The  toes 
are  enveloped  in  two  hoofs,  and  sometimes  there  are  vestiges 
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of  rudimentary  toes,  that  project  backwards ;  in  all  the 
ruminants,  with  the  exception  of  the  Camels  and  Llama/ 
$he  foot  is  bisulcate. 

jfst  Family. — The  BOVIDJS  (or  the  oxen,  fig.  221)  have 
persistent  horns,  with  an  osseous  axis  covered  with  a  sheath 
of  true  horn.  The  caverns  of  Brazil  contain  the  extinct  genus 
Leptotherium.  In  the  sub-apennine  stage  of  Europe,  Asia, 
and  JSForth  America,  fossil  species  of  the  existing  genus  Bos 
are  found.  Antilope  was  discovered  in  the  miocene  stage  of 
Eppelsheim  and  Sansan,  and,  together  with  Capra,  in  that 
which  preceded  the  modern  epoch. 

2nd  Family. — The  CERVICES  (or  the  stags,  fig.  222)  have 
caducous  antlers,  destitute  of  a  horny  sheath.  This  family 
contains  several  extinct  genera,  and  many  fossil  species  of 
living  genera. 

The  Sivatherium  formed  a  connecting  link  between  the 
ruminants  and  the  pachyderms.  The  head  was  armed  with 
horns,  and  from  the  inflated  arched  form  of  the  nasal  bones, 
it  is  conjectured  that  it  had  a  proboscis  like  the  elephant. 
The  horns  were  four  in  number.  Two  arose  from  the 
frontal  bone,  between  the  orbits,  and  branched  outwards ; 
and  two  others,  probably  shorter  and  more  massive,  arose 


FIG.  222. — Cervus  capreolus. 
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from  the  prominent  eminences  seen  on  the  superior  and  pos- 
terior parts  of  the  head.  The  skull  nearly  equalled  in  volume 
that  of  the  elephant,  and  presented  many  points  of  analogy 
with  it.  The  molar  teeth,  £  ;-§-,  exhibit  the  ruminant  type  of 
structure.  "We  know  only  one  species,  described  by  Cautley 
and  Falconer,  from  the  miocene  stage  of  the  Himalaya. 

Two  species  of  the  DremotJierium  are  found  in  the  sub- 
apennine  stage  of  Auvergne,  in  Prance.  A  great  many 
fossil  species  of  the  existing  genus  Cervus,  are  found  in  the 
falunian,  sub-apennine,  and  diluvial  stages  of  both  conti- 
nents. No  less  than  eighteen  species  are  found  in  the 
miocene  of  Eppelsheim  and  Sansan.  One  of  the  most 
remarkable  was  the  Cervus  megaceros,  whose  colossal  horns 
had  a  span  of  more  than  three  yards  from  point  to  point,  and 
whose  remains  are  found  in  the  peat  bogs  of  Ireland,  the 
Isle  of  Man,  and  in  a  great  part  of  Europe,  and  of  which  the 
annexed  figure  (223)  will  help  to  convey  an  idea.  There  is  a 


FIG.  223. — Cervus  megaceros,  Cuv. 


perfect  skeleton  of  this  species  in  the  museum  of  the  Eoyal 
College  of  Surgeons,  Edinburgh.  A  great  number  of  bones 
belonging  to  stags  and  the  reindeer  are  found  in  the  caverns 
of  Europe,  and  those  of  South  America. 
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MoscJius  has  two  species  in  the  iniocene  of  Germany,  and 
in  the  sub-apennine  of  Bengal. 

Camelopardalis,  which  now  only  exists  in  Asia,  has  left 
remains  of  a  smaller  extinct  species  in  the  sub-apennine  of 
Prance. 

3rd  Family. — The  CAMELIDE  depart  from  the  typical 
form  of  ruminants  in  their  dental  formula,  and  in  the 


FIG.  224. — Fossil  skull  of  a  Kein-Deer.  from  a  fissure  in  a  quarry  at  Binstead,  Isle 

Wight.* 

a,  a.  The  osseous  bases  to  which  the  antlers  were  attached.     (One-third  linear 
of  the  natural  size.) 

structure  of  their  feet.  They  have  six  incisors  in  the  lower 
jaw,  and  two  in  the  upper,  two  canines  in  each  jaw,  and  from 
twenty  to  twenty-two  molars,  instead  of  twenty-four.  The 
canon  bones  are  more  divided,  and  the  feet  are  not  so 
much  sulcate.  A  fossil  genus,  Mericotherium,  has  been 
found  in  the  glacial  regions  of  Siberia.  Fossil  species  of 
two  existing  genera,  as  Auckenia,  have  been  found  in  South 
America,  and  Camelus  in  the  sub-apennine  stage  of  France, 
Asia,  and  South  America. 

3rd  Order.  —  PACHYDERMATA.  The  families  of  this 
order  played  an  important  part  in  the  tertiary  period. 
The  extinct  genera  are  numerous  and  remarkable,  and  afford 

*  Mantell's  Isle  of  Wight. 
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important  links  for  uniting  in  a  natural  series  the  several 
groups  of  which  it  is  composed.  Their  toes  are  enveloped 
in  horny  hoofs ;  they  are  all  herbivorous ;  most  of  the 
genera  are  remarkable  for  the  thickness  of  their  skin,  which 
gives  value  to  the  name  Pachyderm.  "We  divide  it  into  three 


.«-—- 

FIG.  225. — Auchenia  glama. 


families — the  solid-hoofed,  the  ordinary  pachyderms,   and 
the  proboscidians. 


FIG.  226.— Skull  of  the  horse. 


1st  Family. — The   SOLIPED.&.     The  extremities  have  a 
single  toe  to  each  foot.     The  dental  formula  is,  incisors,  £, 

*  2 
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canines  -f:|,  molars  f  :f ,  the  latter  marked  with  five  crescents, 
formed  by  concealed  plates  of  enamel.  (Fig.  236.)  We  know 
one  extinct  genus,  Hippotherium,  from  the  miocene  stage  at 
Eppelsheim.  Fossil  species  of  the  genus  Equus  (fig.  226) 
have  been  found  in  the  sub-apennine  stage  of  Europe,  Asia, 
and  the  Pampas,  and  in  the  caverns  of  South  America. 
The  horse  was  unknown  in  that  continent  before  its  con- 
quest by  the  Spaniards. 

2nd  Family. — The  OEDINAEY  PACHYDEEMATA  is  com- 
posed of  a  group  of  extinct,  and  a  group  of  existing  genera. 
The  extinct  are  Choeropotamus,  which  has  molars  -£:£.  Two 
species  have  been  found  in  the  eocene  stage  of  Paris,  and 
of  the  Isle  of  Wight ;  and  three  others  in  the  falunian 
stage  of  France  and  Asia. 

Hyracotherium,  so  named  in  consequence  of  its  structural 
affinities  in  the  size  of  the  orbits,  &c.,  with  the  Hyraoc,  was 
found  in  the  London  clay  and  the  lacustrine  eocene  sand 
at  Kyson. 

Anthracofherium ;  molars  ^  allied  to  the  hogs  by  the 
molars  of  the  lower  jaw,  and  to  the  Anoploiherium  by  the 
molars  of  the  upper  jaw ;  also  to  the  tapirs,  by  the  form  of 
its  canine  teeth.  Its  name  is  derived  from  the  locality  where 
it  was  first  found  among  the  anthracite  of  Cadibona  (near 
Savone,  Piedmont)  ;  we  know  five  species — three  are  eocene, 
and  two  belong  to  the  miocene  stage  of  Eppelsheim  and 
Sansan. 

Lophiodon  is  allied  to  the  tapirs ;  its  name  is  derived  from 
the  pointed  eminences  on  its  molar  teeth.  This  genus  is 
characteristic  of  the  miocene  stage:  eleven  species  have  been 
obtained  in  France  and  Germany.  Some  of  the  species  are 


FIG.  227. 

found  in  the  eocene,  but  the  great  majority  lived  in  the 
middle  ages  of  the  tertiary  period. 
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Pal&otfierium  had  incisors  £ ,  canines  -f  >  and  molars  •£.  The 
canines  are  longer  than  the  incisors.  The  superior  molars 
are  square,  and  the  inferior  molars  have  double  crescents. 
The  nasal  bones  formed  an  arch  as  in  the  tapirs  ;  we  know 
about  eleven  or  twelve  species — seven  are  found  in  the  lacus- 
trine eocene  beds  of  Montmartre  and  the  Isle  of  "Wight. 
They  are  distinguished  by  their  height,  and  by  the  propor- 
tional development  of  the  extremities.  P.  magnum  was  the 
size  of  a  horse  (fig.  227),  and  P.  minimum  was  not  larger 
than  a  hare.  (Fig.  228.)  The  other  species  are  found  in 
the  lacustrine  miocene  beds  of  Sansan.  It  is  probable  that 
the  genus  contained  many  more  species.  Fig.  229  repre- 
sents the  lower  jaw  and  teeth  of  Palceotherium  minus,  from 
the  fresh-water  limestone  of  Seafield,  Isle  of  Wight. 


FIG.  229.— Lower  Jaw  of  Palseotherium  minus,  Isle  of  Wight. 

Anoplotherium  had  affinities  with  the  rhinoceros,  horse,  hog, 
hippopotamus,  and  camel:  (fig.  231)  the  anoplother  had  forty- 
four  teeth,  which  formed  a  continued  series  without  any 


FIG.  230. 


FIG  231. 


interruption;  a  character  found  now  only  in  man  and  the 
monkeys.     "We  count  £  incisors,  \;\  canines,  \\\  molars,  of 
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which  the  anterior  are  compressed.  The  posterior  molars  in 
the  upper  jaw  have  square  crowns,  and  those  of  the  lower 
jaw  have  double  crescents.  The  extremities  had  two  toes 
developed  like  Ruminants  ;  some  species  had,  besides,  rudi- 
mentary toes:  the  metacarpal  and  metatarsal  bones  re- 
mained separate,  and  did  not  form  a  single  canon  bone  as  in 
ruminants.  Of  the  three  species  known,  two,  of  the  size  of 
a  hog,  and  of  an  ass,  are  from  the  lacustrine  eocene  stage  of 
Montmartre  and  the  Isle  of  Wight.  The  third  is  from  the 
sub-apennine  of  Asia.  The  other  extinct  genera,  Potamo- 
hippus,  Charotherium,  Elasmotherium,  are  from  the  newer 
tertiary  or  sub-apennine  stage.  Hyotherium,  Macrauckenia, 
Chalicotherium,  are  from  the  miocene  stage. 

Zipkodon  and  Adapis  are  from  the  lacustrine  eocene  stage, 
and  Toxodon  is  from  the  newer  tertiary  of  the  Pampas  of 
South  America. 


TIG.  232. — Hippopotamus  amphibius. 

Fossil  species  of  Sus  and  Tapirusare  found  in  the  miocene 
si  age  of  Eppelsheim,  and  Dicotyles  in  the  caverns  of  Brazil. 
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Of  the  genus  Hippopotamus,  which  now  lives  on  the 
banks  of  the  large  rivers  of  Africa  (fig.  232),  the  remains  of 
fossil  species  have  been  found  in  the  sub-apennine  and  allu- 
vial stages  of  Europe,  North  America,  and  India.  (Pig.  234.) 

Of  the  genus  Rhinoceros,  we  know  ten  species — four  are 
found  in  the  miocene  stage  at  Eppelsheim  and  Sansan,  the 
others  in  the  sub-apennine  and  diluvium  of  Europe.  (Eig. 
233.)  Some  of  the  fossil  species  ranged  into  latitudes  which 
are  now  constantly  glacial  regions,  as  the  rhinoceros,  with 
its  skin  entire,  found  by  Pallas  in  1781,  in  frozen  drift,  near 


FIG.  233. — Rhinoceros,  from  fresh- 
water tertiary  strata ;  molar, 
lower  jaw. 


FIG.  234. — Hippopotamus,   molar, 
lo\ver  jaw. 


FIG.  235. — Recent  Elk,  grinding 
surface  of  molar,  upper  jaw. 


FIG.  236. — Horse,  from  Brighton  cliffs, 
second  molar,  lower  jaw. 


the  Lena,  at  64°  North  latitude.     The   diluvium  and 
caverns  of  England  contain  the  remains  of  this  genus. 
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3rd  Family. — The  ELEPHASID^],  or  proboscidians,  (fig.  241) 
have  five  toes  to  each  foot,  two  long  tusks  which  escape  from 
th'e  mouth  and  curve  upwards,  a  long,  muscular,  and  highly- 


FIG.  237.— Rhinoceros  Indicua, 


FIG  238. — The  Mastodon  gigautenm 
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flexible  proboscis,  which  reaches  the  ground  and  serves  as  a 
prehensile  instrument ;  the  genus  ElepJias  is  the  only  ex- 
isting type  of  this  family,  but  the  discoveries  of  Cuvier  have 
added  the  extinct  genus,  Mastodon,  which  resembled  the 
elephant  in  its  general  form  (fig.  238),  but  differed  from  it  in 


FIG.  239.— Elephas  primigenius,  or  mammoth,  from  Brighton  cliffs.    Molar 
lower  jaw,  right  side,  one  third  of  natural  size. 


FIG.  240.— Mastodon  ohioticus.    Molar  tooth,  one-fourth  of  natural  size. 

the  structure  of  its  molar  teeth,  the  crowns  of  which,  as 
shown  in  fig.  240,  presented  a  series  of  conical  mammillated 
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eminences,  instead  of  the  flat  grinding  surface  observed  in 
the  molars  of  the  elephant.  (Fig.  239.)  In  early  life  the 
mastodon  had  two  small,  straight,  tusks,  which  projected 
from  the  lower  jaw ;  this  circumstance  led  Grodman  to  pro- 
pose the  genus  Tetracaulodon,  for  the  remains  of  a  young 
mastodon ;  as  these  lower  defences  are,  however,  deciduous, 
and  only  characterise  the  immature  animal,  the  genus  must 
be  rejected.  The  palseontological  gallery  of  the  British 
Museum  contains  a  noble  specimen  of  the  Mastodon.  This 
genus  included  several  species,  two  or  three  of  which  are  well 
ascertained :  the  M.  giganteus  is  found  in  the  sub-apennine 
stage  of  North  America,  Europe,  Asia,  and  New  Holland ; 
M.cifagustidens  is  found  in  the  miocene  stage  of  Eppelsheim 
andiSansan ;  JML.  longirostris  from  the  same  stage  in  Eng- 


FIG.  241.— Elephas  Indicua 


land,  France,  and  Germany.  The  other  species  have  been 
discovered  in  Europe,  Asia,  and  America.  A  more  accurate 
anatomical  investigation,  however,  must  be  made  of  the 
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remains  of  those  supposed  new  species,  before  we  can  admit 
the  numbers  that  have  been  described ;  many  of  the  species 
may  be  only  varieties  depending  on  sex  and  other  causes. 

The  genus  ElepJias  has  the  upper  jaw  armed  with  two 
enormous   tusks    (fig.   241),   which    are,   in   fact,    greatly- 


2  3 

FIG.  242.— Teeth  of  Elephants.    1.  E.  africanus,    2.  E.  indicus.    3.  E.  primigenius. 

developed  incisor  teeth,  that  grow  upwards  in   a   curved 
direction ;  the  molars  are  one  or  two  in  number,  in  each 


FIG.  243. — Elephas  primigenius. 


side  of  both  jaws.  They  are  composed  of  plates  of  dentine 
and  of  enamel,  united  by  a  third,  or  cortical  substance  ;  the 
lines  of  enamel  present  a  different  mode  of  arrangement  in 
the  African,  Indian,  and  fossil  species,  as  shown  in  the 
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joined  sketch.  (Fig.  242.)  -The  singular  mode  of  growth 
of  the  molar  teeth  in  the  elephant  accounts  for  the  ine- 
quality of  their  number  in  the  jaws.  In  mammals,  in 
general,  the  teeth  rise  from  below  upwards,  whilst  in  the 
elephant  they  grow  from  behind,  forwards.  We  know  from 
six  to  eight  fossil  species;  the  best  known  is  the  mammoth, 
JE.  primigenius,  characterised  by  molars,  with  narrow  plates, 
which  resembled  those  of  the  Asiatic  more  than  the  African 
species.  (Fig.  242.)  The  skull  was  larger,  the  tusks  longer, 
and  more  bent.  The  remains  of  this  gigantic  mammal 
attest  that  it  had  a  very  wide  geographical  range  during 
the  period  that  preceded  the  last  great  catastrophe  of  the 
earth,  as  it  is  found  in  the  drift  of  Europe,  North  America, 
and  the  north  of  Asia,  towards  the  polar  circle,  but  especi- 
ally in  Siberia;  a  mammoth  was  found  near  the  borders 
of  the  glacial  sea,  recently  detached  from  a  block  of  ice, 
with  its  flesh  preserved.  Its  skin  was  covered  with  a  species 
of  long  woolly  hair,  evidently  adapted  to  protect  it  from  the 
rigours  of  a  cold  climate:  the  teeth  of  this  species  are  found  in 
the  drift  (fig.  239)  and  caverns  of  England.  Those  of  Banwell, 
in  the  Mendip  Hills,  may  be  cited  as  localities  where  many 
fine  tusks,  molars,  and  portions  of  the  skeleton  have  been 
discovered.*  Other  species  have  been  found  imbedded  in 
the  superficial  deposits  of  France,  Italy,  and  Belgium.  A 
fine  skull,  with  tusks,  of  a  new  species,  was  obtained  by 
Cautley  and  Falconer  from  the  sub-apennine  stage  at  the 
base  of  the  Himalaya  Mountains. 

4th  Order. — EDENTATA. — This  order  forms  a  transition 
series  between  the  mammifera  with  nails,  and  those  with 
hoofs.  Their  feet  are  surrounded  with  a  thick  scaly  integu- 
ment, and  the  toes  are  often  armed  with  arched  robust  claws, 
which  embrace  the  phalanges  :  with  one  or  two  exceptions, 
they  have  no  incisor  teeth ;  hence  the  name  of  the  order. 
Their  movements  are  very  slow :  the  irritability  of  the 
muscles  remains  for  a  long  time  after  death :  their  brain  is 
small,  and  the  tegumentary  membrane  is  covered  with  a 
scaly,  horny,  or  bony  armour.  They  appear  to  connect  the 
classes  mammalia  and  reptilia  with  each  other.  In  our  day, 
the  Edentata  are  found  only  in  the  tropical  regions  of  the 

*  Mr.  Beard,  of  Banwell,  has  made  a  large  and  most  interesting  collection 
of  tussil  bones  from  these  caverns. 


MAMMALIA. 


333 


old  and  new  worlds,  whilst  during  the  tertiary  epoch  they 
extended  their  range  into  France  and  Germany. 

"We  divide  the  order  into  four  families : — 

First  Family. — The  MYRMECOPHAGUE,  which  have  the  ant- 
eaters  for  their  type,  have  the  jaws,  in  some  edentulous. 
To  this  family  belong  three  extinct  genera.  Glossotheriim, 
from  the  Pampas  of  Buenos  Ayres,  and  the  caverns  of  Brazil ; 
Macrotherium,  found  by  Lartet  in  the  miocene  stage* of 
Sansan ;  it  had  the  phalanges  and  claws  of  the  ant-eaters, 


FIG.  244.— Myrmecophaga  jubata. 


and  teeth  similar  to  the  sloths,  without  roots  or  enamel.  Of 
the  existing  genus  Myrmecophaga  (fig.  244),  fossil  species 
are  found  in  the  caverns  of  Brazil,  and  of  Orycteropus,  in 
the  sub-apennine  stage  of  the  Pampas. 


FIG.  245.— Dasypus  sexcinctus. 


Second  Family. — The  DASYPID.E  have  for  their  type  the 
Dasypus  or  armadillos.  (Fig.  245.)     Their  body  is  enclosed 
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in  a  hard,  horny,  or  osseous  crust,  composed  of  innumerable 
pieces,  inlaid  like  mosaic,  which  covers  the  head,  body,  and 
tail.  This  forms  a  shield  which  protects  the  front  of  the 
body,  and  an  extensive  cuirass  for  the  shoulders,'  and  the 
croup.  A  series  of  intermediate  transverse  inoveable  bands 
permit  the  animal  to  roll  itself  into  a  ball  like  a  hedgehog. 
The  tail  is  often  encircled  with  rings  of  this  substance,  and 
there  are  numerous  plates  on  the  legs. 

Amongst  the  most  extraordinary  of  the  extinct  genera  ot 
this  family,  is  the  Glyptodon,  or  gigantic  armadillo,  which  in 
the  structure  of  the  skull,  and  form  of  the  ascending  branch 
of  the  zygomatic  arch,  resembles  the  Dasypus,  and  connects 
that  genus  with  the  Megatherium.  The  molars  f  _f  approach 
those  of  the  armadillos  in  structure;  their  external  surface  is 
grooved  with  two  deep  furrows,  which  divide  the  surface 
of  the  tooth  into  three  lobes — hence  the  name.  The  hind 
feet  have  a  remarkable  form  ;  the  metatarsal  bones  are  large 
and  massive ;  the  nail  phalanges  are  short  and  depressed. 
The  Glyptodon  was  protected  by  a  solid  coat  of  mail,  com- 
posed of  innumerable  plates  united  by  serrated  sutures. 
Internally  these  plates  appear  hexagonal,  but  externally  they 
form  a  mosaic  of  rosette-like  figures.  Its  gigantic  remains 
were  found  in  the  sub-apennine  stage  of  the  Pampas  of 
Buenos  Ayres  ;  they  now  enrich  the  museum  of  the  College 
of  Surgeons,  London.  Fragments  of  the  bony  cuirass  of 
Glyptodon  were  supposed,  before  the  discovery  of  this  splen- 
did specimen,  to  belong  to  the  Megatherium* 

Chlamydotherium,  Hoplophorus,  Pachytherium,  Euryodon, 
Jtenurus,  are  fossil  genera  which  have  been  found  by  Lund 
in  the  ossiferous  caverns  of  Brazil.  Gigantic  fossil  species 
of  the  existing  genus  Dasypus,  have  been  found  in  the  sub- 
apennine  stage  of  Prance,  and  in  the  caverns  of  North  and 
South  America.  Dasypus  and  Macrotherium  are  the  only 
edentate  mammals  found  fossil  in  Europe. 

Third  Family. — The  MEQATHEEID^  is  composed  of  gi- 
gantic slow-moving  extinct  genera,  of  which  the  Megatherium 
is  typical.  The  skeleton  (see  fig.  182)  was  fouud  on  the 
banks  of  the  Luxan,  about  three  leagues  from  Buenos  Ayres. 
Similar  remains  have  been  found  at  Lima,  and  likewise  at 

*  Buckland's  Bridgewater  Treatise,  p.  160. 
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Paraguay.  Sir  Woodbine  Parish,  in  1832,  obtained  from 
the  bed  of  the  Salado,  portions  of  a  skeleton  which  are  now 
in  the  College  of  Surgeons.  The  height  of  this  gigantic 
mammal  was  nearly  that  of  an  elephant,  and  larger  than  the 
rhinoceros.  Its  skull  resembled  that  of  the  sloth,  and  is 
small  when  compared  with  the  bulk  of  the  body :  its  jaws 
are  without  incisors  and  canines;  it  had  molars,  to  the 
number  of  £^.,  of  a  prismatic  form,  from  seven  to  nine 
inches  in  length,  and  deeply  and  solidly  imbedded  in  their 
sockets.  Like  the  molars  of  the  elephant,  they  are  com- 
posed of  dentine,  enamel,  and  cement.  These  elements  are 
so  disposed  that  the  wearing  of  each  crown  forms  two 
triangles,  which  interlock  into  corresponding  spaces  in 
the  opposing  jaw.  The  mouth  was  an  engine  of  enormous 
power,  adapted  for  bruising  roots  or  other  vegetable  sub- 
stances. It  had  ponderous  extremities,  armed  with  claws. 
Its  hind-legs  were  far  more  colossal  than  those  of  the 
elephant,  and  its  tail  so  far  exceeded,  in  the  dimensions  of 
its  vertebrae,  the  size  of  that  organ  in  other  mammals,  that 
it  is  supposed  it  was  used  with  the  hind-legs  to  form  a 
tripod  for  supporting  the  animal,  whilst  the  fore-limbs  were 
employed  for  digging.  It  possessed  clavicles,  and  could  use 
the  anterior  extremities.  It  has  been  observed  by  Dr. 
Buckland,*  that  "  his  entire  frame  was  an  apparatus  of 
colossal  mechanism,  adapted  exactly  to  the  work  it  had  to 
do ;  strong  and  ponderous  in  proportion  as  this  work  was 
heavy,  and  calculated  to  be  the  vehicle  of  life  and  enjoy- 
ment to  a  gigantic  race  of  quadrupeds,  which,  though  they 
have  ceased  to  be  counted  among  the  living  inhabitants  of 
our  planet,  have,  in  their  fossil  bones,  left  behind  them  im- 
perishable monuments  of  the  consummate  skill  with  which 
they  were  constructed.  Each  limb  and  fragment  of  a  limb 
forming  co-ordinate  parts  of  a  well-adjusted  and  perfect 
whole ;  and  through  all  their  deviations  from  the  form  and 
proportion  of  the  limbs  of  other  quadrupeds,  affording  fresh 
proofs  of  the  infinitely  varied  and  inexhaustible  contrivances 
of  Creative  Wisdom." 

Mylodon  had  the  ponderous  body  of  the  Megatherium. 
A  fine  skeleton  of  M.  robustus  is  in  the  museum  of  the 
College  of  Surgeons. 

*  Biidgewater  Treatise,  p.  164. 
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ScelidotJierium  and  Platyonyx  are  from  the  sub-apennine 
stage  of  the  Pampas ;  and  Ccelodon  and  Bplienodon  are  found 
in  the  caverns  of  Brazil. 


FIG.  246.— Chincella  lanigera 

5th  Order. — RODENTIA  (or  Gnawers). — Form  a  natural 
order  of  unguiculated  animals,  whose  dentition  consists  of 
incisor  and  molar  teeth.  The  ca- 
nines are  absent,  and  there  is  a 
considerable  vacant  space  between 
the  incisors  and  the  molars.  (Fig, 
247.)  The  incisors,  generally  §, 
are  long,  arched,  and  deeply  im- 
planted in  the  jaw ;  the  front  of 
the  tooth  is  thickly  coated  with 
enamel ;  the  cutting-edge  is  chisel- 
shaped;  and  the  tooth  is  con- 
stantly growing  and  advancing  in  the  jaw,  to  supply  the 
wear  and  tear  occasioned  by  the  gnawing  habits  of  the 
rodents.  The  molars  have  large  crowns;  the  dentine  is 
variously  intersected  with  seams  of  enamel.  The  lower  jaw 
is  articulated  to  the  skull  by  a  longitudinal  condyle,  which 
permits  a  backward  and  forward  movement  in  this  organ, 
by  which  they  are  enabled  to  gnaw  and  chisel  away  very  hard 
bodies.  The  rodents  are  in  general  small  animals,  and  we 
observe  a  considerable  disproportion  between  the  front  and 
the  hind  extremities  (fig.  246) .  We  know  many  fossil  genera, 
as  the  Archceomys,  from  the  falunian  stage  of  Auvergne ; 


FIG.  247. 
Skull  of  a  Squirrel. 
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LonchopTiorus,  from  the  caverns  of  Brazil;  Trogontherium, 
Steneqfiber,  Palaomys,  Chalichomys,  Chelodus,  from  the  falu- 
nian  stage  ;  and  Theridomys,  from  the  sub-apennine  stage  of 
France  and  Germany.  Fossil  species  of  existing  genera  are 
found  in  the  different  stages  of  the  tertiary  epoch,  and  in 
the  caverns  of  the  old  and  new  world. 

6th  Order.— CHEIROPTERA  (or  bats). — Have  the  bones 
of  the  anterior  extremities  greatly  developed,  and  the  fingers 
much  elongated  to  support  a  delicate  membrane.  By  this 
metamorphosis  the  arm  and  hand  is  adapted  to  form  a  wing. 
The  fossil  species  of  this  order  belong  to  existing  genera. 
They  are  found  in  the  eocene  and  miocene  stages  of  England 
and  France,  the  miocene  stage  of  Grermany,  and  in  the 
caverns  of  Europe  and  South  America. 

7th  Order. — AMPHIBIA — which  includes  the  seals.  Have 
the  extremities  modified  and  arranged  for  swimming.  To 
this  order  belongs  the  TricJieclius,  which  frequents  the  seas 


FIG.  248.—  Felis  tigris. 


of  the  north.     Fossil  species  of  this  genus  are  found  in  the 
middle  stage  of  the  tertiaries  of  France  and  England. 

8th  Order.  —  CARNIVORA.  —  Have   the  jaws  armed  with 
incisor,  canine,  and  molar  teeth  (fig.  249)  :  the  tiger  is  typical 
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of  this  group.  (Pig.  248.)  Among  the  Plantigrade  tribe  which 
walk  upon  the  soles  of  their  feet,  we  recognise  in  a  fossil  state 
several  extinct  species  of  Ursus  (bears).  The  remains  of 
V.  cultridens  have  been  found  in  the  falunian  stage  of 
Sansan,  in  Bavaria,  and  in  the  sub-apennine  stage  of  the  Yal 
d'Arno,  Montpellier,  and  Puy-de-Dome.  The  ossiferous 
caverns  of  England,  France,  and  Germany,  contain  immense 
numbers  of  II.  spelaus,  and  six  other  distinct  species. 

"We  know  likewise  several  extinct  genera,  as  Agnotherium, 
from  the  cavern  at  Eppelsheim ;  Amphicyon,  from  the  falunian 
stage  at  Sansan ;  Tcenoiherium^  from  the  eocene  of  Mont- 
martre  ;  whilst  in  the  caverns  of  France,  England,  Belgium, 
and  Germany,  is  found  an  extinct  species  of  badger  (Meles 
antediluvianus.) . 

Belonging  to  the  tribe  of  Digitigrade  carnivora,  or  those 
which  walk  on  their  toes  as  the  dog,  many  extinct  species 
of  existing  genera  are  known.  The  most  remarkable  of 
these  are  the  fossil  hyaenas,  found  in  the  bone  caverns  of 

Europe,  and  especially  of 
those  at  Kirkdale,  and  of 
one  near  Banwellin  Somer- 
setshire. The  latter  was 
unquestionably  a  den  in- 
habited by  these  carni- 
vora. We  have  before  us 
a  lower-jaw,  presented  by 
Fia.249.-SkuiiofaTiger.  Mr-  Beard,  which  mea- 

sures from  the  carnassier 

molar  to  the  median  line,  five  inches  and  three  quarters; 
and  transversely  from  molar  to  molar,  four  and  a  half  inches. 
The  teeth  are  blunted,  and  the  jaw  is  above  one-third 
larger  than  that  of  the  largest  living  species.  Along  with 
the  hyaena's  jaws,  were  the  bones  and  skull  of  a  young 
rhinoceros,  which  bore  the  imprints  of  teeth-marks,  the 
body  having  been  apparently  dragged  into  this  retreat. 

About  twenty  species  belonging  to  the  genus  Canis  have 
been  found  in  the  eocene  stage  of  Prance ;  and  more  than 
the  same  number  of  the  genus  Felis  in  the  upper  stages. 
Of  genera  which  are  now  extinct,  may  be  cited  MacTiairodus 
and  Amyxodon,  from  the  middle  tertiaries,  and  Hy&nodon, 
from  the  eocene  of  the  Isle  of  Weight  and  of  Auvergne. 
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9th  Order.— QUADRUMANA.— The  existence  of  this  order 
in  a  fossil  state  is  a  recent  discovery,  and  it  is  remarkable, 
that  about  the  same  time  the  remains  of  monkeys  were  found 
in  the  tertiary  strata  of  Europe,  Asia,  and  America.  The 
quadrumana  are  characterised  by  the  four  hands  which 
terminate  their  extremities,  in  each  of  which  the  thumb  is 
opposable  to  the  fingers.  They  have  incisor,  canine,  and 
molar  teeth.  In  the  general  structure  of  their  skeleton  in 
the  development  of  their  brain,  nervous  system,  and  the  organs 
of  the  senses,  as  well  as  in  their  digestive  organs  they  ap- 
proach near  to  man.  We  divide  the  order  into  two  tribes  : — 

1st  Tribe.— The  monkeys  of  the  Old  World,  which  have 
twenty  molars. 

2nd  Tribe. — The  monkeys  of  the  New  World,  which  have 
twenty-four  molars. 

The  Monkeys  of  the  Old  World  have,  like  man,  four  vertical 
incisors.  Two  canine,  and  ten  molars  in  each  jaw.  To 
this  tribe  belongs  the  jaw  of  the  3£acacus, 
obtained  from  the  eocene  sand  of  Kyson,  in 
Suffolk,  of  which  we  subjoin  the  figures  250 
and  251,  and  description,  given  by  Professor 
Owen,  in  whose  hands  the  specimen  was 
placed  for  identification  : —  * 

"  The  fossil  exhibits  the  following  differ- 
ences from  the  recent  Macaci : — The  whole  FIG.  250.— jaw  and 
tooth  is  rather  narrower  in  proportion  to  its  SSurai  s'Sef"5"8' 
length ;  the  transverse  ridge  at  the  anterior 
part  of  the  tooth,  crossing  the  base  of  the  two  anterior  tuber- 
cles, is  a  little  more  prominent,  and  passes  more  obliquely 
from  the  outer  to  .the  inner  side ;  the  second  transverse  ridge, 
uniting  the  first  pair  of  tubercles,  rises  nearer  to  their 
summits.  The  portion  of  jaw  is  more  compressed  than  the 
corresponding  part  of  the  jaw  in  the  recent  Macaci  (compare 
fig.  251,  J9.)  ;  the  internal  wall  of  the  socket  of  the  tooth  is 
flatter  and  much  thinner ;  (this  character  of  the  fossil  is 
well  shown  in  fig.  251,  C,)  ;  the  ridge  on  the  outer  side  of  the 
alveolus,  which  forms  the  commencement  of  the  anterior 
margin  of  the  coronoid  process,  begins  closer  to  the  tooth  (as 
is  shown  in  figs.  250  and  251,  A). 

*  Mag.  of  Nat.  History,  vol.  iii.,  New  Series,  page  446. 
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"  These  characters  are  sufficiently  important  and  well- 
marked  to  establish  the  specific  distinction  of  the  macacque, 
to  which  the  portion  of  jaw  belongs,  and  are  the  more 
valuable  as  corroborating  the  evidence  already  adduced  in 
proof  that  the  fragment  in  question  is  a  true  fossil  of  the 
stratum  in  which  it  was  discovered. 

"  Fossil  remains  of  Quadrumana  have  been  found,  within 
a  recent  period,  in  the  tertiary  formations  of  India,  of  the 
South  of  France,  and  of  the  Brazils. 


FIG.  251.  A  is  the  same  jaw,  magnified  two  diameters. 

B  is  a  view  of  the  fossil  looking  down  upon  the  grinding  surface  of  the  tooth, 

similarly  magnified.    It  does  not  show  distinctly  the  inner  small  cusp  of 

the  '  talon'  or  hinder  tubercle, 
c  is  a  view  of  the  fossil  from  the  inner  side,  magnified  two  diameters. 

"  The  Indian  remains,  discovered  by  Messrs.  Baker  and 
Durand,  and  those  subsequently  found  by  Messrs.  Falconer 
and  Cautley,  have  been  referred  to  a  species  of  Semnopitliecus 
as  large  as  the  Entellus,  and  consequently  exceeding  consi- 
derably the  present  fossil  in  size. 

"  The  portions  of  fossil  quadrumanous  lower  jaw  discovered 
by  M.  Lartet,  in  the  South  of  France,  indicate  a  species  of 
Hylolates,  rather  smaller  than  the  Syndactylus,  but  nearly 
allied  to  that  species. 

"  The  South  American  extinct  quadrumanes,  discovered  by 
M.  Lund,  in  the  basin  of  the  Rio  des  Velhas,  it  is  interesting 
to  find,  are  referable  to  a  form  peculiar  to  the  New  World, 
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and  are  most  nearly  allied  to  the  genus  CallitJirix,  but 
the  extinct  species  are  more  than  double  the  stature  of  any 
of  those  which  exist  at  the  present  day. 

"  ]N"ot  only,  therefore,  is  the  fact  of  the  existence  of  quad- 
rumanous  mammals,  during  the  tertiary  period  of  the  earth's 
history  demonstrated ;  but  we  have  evidence  that  four  of 
the  modifications  of  the  quadrumanous  type  at  present 
recognised,  were  in  being  at  that  remote  epoch :  that  is  to 
say,  the  tailless  ape  (Hylobates),  the  gentle  vegetable-feeding 
semnopithecque,  distinguished  by  its  complicated  stomach ; 
the  more  petulant  and  omnivorous  macacque,  and  the 
platyrrhine  (Gallithrix). 

"  Lastly,  we  have  the  interesting  fact  established,  that  the 
Quadrumana  were  formerly  distributed  •  over  parts  of  the 
earth's  surface,  which  at  the  present  day  are  so  far  altered 
as  regards  the  climate  and  vegetable  productions,  as  to  be 
unfit  for  their  existence." 

De  Blainville  described  as  PitJiecus  antiquus,  a  nearly 
perfect  lower  jaw,  found  by  M.  Lartet,  in  the  fresh-water 
strata  of  the  falunian  stage  at  Sansan  (Gers.)  43°  North 
latitude. 

M.  Lurid  discovered  in  the  caverns  of  Brazil,  the  bones  of 
extinct  species  of  American  genera,  with  those  of  an  extinct 
genus,  Proto-pitTiecus.  So  that  the  structural  characters 
which  are  found  to  coincide  with  the  geographical  distribu- 
tion of  this  order  were  the  same  during  the  tertiary  as  in 
the  modern  epoch." 

10th  Order. — BIMANA. — The  remains  of  fossil  animals,  an 
outline  of  which  we  have  thus  imperfectly  sketched,  are  all 
found  embedded  in  the  different  stages  of  the  stratified  rocks. 

It  is,  however,  otherwise  with  the  bones  of  Man,  which 
have  never  been  discovered  in  any  of  these  stages.  Human 
bones  have  been  found  in  osseous  breccias  now  forming, 
in  the  fissures  of  rocks,  in  the  deep  recesses  of  deserted 
mines,  and  in  other  excavations,  or  incrusted  with  depositions 
from  mineral  springs,  or  embedded  with  the  debris  of  shells 
and  corals  in  formations  now  in  course  of  deposition. 

The  ancient  diluvial  caves  of  both  continents  contain 
human  bones,  as  those  of  Kaestriz  in  Saxony,  Kuhloch  and 
Zalmloch  in  Franconia ;  those  of  England,  Gibraltar,  of 
Trance  and  Belgium.  The  alluvial  deposits,  more  or  less 
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ancient,  contain  human  remains ;  they  have  been  found  in 
the  Lehm,  on  the  borders  of  the  Rhine,  with  the  remains  of 
the  species  of  fluviatile  shells  now  living  in  that  river : 
in  the  alluviums  of  Krems  in  Austria,  and  of  Canstadt 
(in  Wurtemberg)  ;  in  North  America,  in  the  caverns  of 
Kentucky,  and  in  South  America  in  those  of  Brazil. 

Human  skeletons  are  found  embedded  in  a  modern  lime- 
stone rock,  containing  shells  and  corals  of  the  same  species 
as  those  now  living  in  the  adjoining  sea  at  Guadaloupe,  in  the 
Antilles  (fig.  253) ;  and,  lastly,  human  bones  have  been  found 
by  D'Orbigny,  in  the  central  plains  of  South  America,  on  the 
banks  of  the  Bio-Securi,  which  flows  into  the  Amazon,  in  a 
bed  of  fine  sand  mixed  with  clay,  at  a  depth  of  eighteen  feet 
from  the  surface,  along  with  fragments  of  pottery  and  other 
human  works.*  In  all  these  cases,  however,  the  deposit 
which  contains  Man's  remains,  belongs  to  a  more  modern 
era  than  the  newest  sub-apennine  stage  of  the  tertiary 
epoch. 

In  casting  a  retrospective  glance  over  the  series  of  fossil 
animals  which  we  have  thus  rapidly  reviewed,  it  will  be 
observed,  that  we  have  endeavoured  to  show  that  the  phy- 
siological, like  the  physical  laws,  have  ever  been  the  same, 
and  that  they  exhibit  in  clear  characters,  the  wisdom,  fore- 
knowledge, and  design  of  their  Great  Author.  The  study  of 
the  phenomena  which  paleontology  thus  brings  before  the 
student,  must  have  a  salutary  influence  on  his  mind,  inas- 
much as  it  proves  by  cumulative  evidence,  that  law,  order, 
and  benevolence  govern  all  things  animate  and  inanimate  on 
the  Earth  as  in  the  Heavens. 

Geology,  so  far  from  being  opposed  to  the  religion  of  the 
Bible,  is  the  only  science  capable  of  demonstrating  that 
a  -special  providence  alike  directs  the  fiery  vomit  of  the 
volcano  •  and  the  %  development  of  the  zoophyte ;  it  teaches 
Man  that  there  was  a  time  when  no  living  thing  animated 
the  primeval  ocean ;  that  there  was  a  starting  point — a 
beginning ;  it  shows  him  that  the  regulating  hand  of 
Omnipotence  has,  through  all  the  immensity  of  the  past, 
adjusted  and  maintained  the  economy  of  our  planet ;  that 
peculiar  forms  of  animal  life  were  created,  to  perform  a 

*  D'Orbigny,  Cours  eleraentaire  de  Palseontologie,  p.  162. 
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certain  part ;  and  when  that  was  no  longer  required,  they  were 
annihilated,  to  give  place  to  others  better  adapted,  by  some 
new  feature  in  their  organisation,  to  the  character  of  the 
changing  scene  they  were  for  a  brief  span  designed  to  animate. 
And,  finally,  palaeontology  shows,  that  when  the  appointed 
time  arrived,  Man  was  placed  upon  the  earth's  surface,  just  at 
that  period  when  the  external  world  had  been  prepared,  by  a 
long  series  of  eventful  changes,  for  his  reception  ;  with  the 
furniture  of  the  universe  wonderfully  adapted  to  his  nature, 
and  calculated  to  arouse  to  action  his  noblest  faculties.  It  is 
thus  the  brilliant  discoveries  of  modern  geology  become  the 
handmaids  of  natural  theology,  and  show,  in  the  most  striking 
and  satisfactory  manner,  the  unity  of  the  stupendous  design 
and  creative  intelligence  of  the  Great  First  Cause;  for 
whilst  the  crust  of  our  planet  was  destined  by  its  Creator 
to  pass  through  a  series  of  successive  though  turbulent 
changes,  still  do  we  find  the  structure  and  functions  of  the 
myriads  of  animals  that  have  lived  and  died  upon  its  surface, 
through  all  the  periods  of  geological  chronology,  to  present 
the  same  exquisite  organisation — the  same  perfect  adaptation 
to  surrounding  Nature,  and  to  their  varied  habits  and 
instincts,  as  the  countless  numbers  of  happy  beings  that  fill 
with  life  and  activity,  the  air,  the  earth,  and  the  waters  of 
the  present  day. 


CHAPTER  IX. 
SPECIAL    GEOLOGY. 

Modern  Geological  Changes. 

BEFORE  we  enter  on  the  history  of  the  past,  we  shall  direct 
the  student's  attention  to  the  present ;  and  previously  to 
describing  the  vicissitudes  which  the  earth  has  undergone 
during  the  remote  epochs  of  its  history,  we  purpose  to 
devote  a  few  pages  to  the  account  of  those  changes  which 
have  occurred  in  our  own  island  within  the  historical  period. 
The  sketch  must  be  brief;  for  to  enumerate  the  whole  of 
these  would  require  a  separate  treatise. 

"Wherever  we  direct  our  observation,  in  the  natural  world, 
we  discover  that  a  law  of  mutation  is  impressed  on  all  created 
objects,  as  one  of  the  conditions  of  their  existence.  Every 
operation  of  Nature  affords  examples  of  this  law.  Heat  and 
cold,  moisture  and  drought,  the  warmth  of  summer  and  the 
frost  of  winter,  the  snow  and  the  ice,  perform  their  part  in 
displacing  and  renewing  the  solid  crust  of  the  earth.  The 
agencies  by  which  these  changes  are  effected,  may  be  divided 
into  destructive  and  conservative. 

The  phenomena  of  Nature  had  early  engaged  the  atten- 
tion of  philosophic  observers,  and  Ovid's  description  com- 
prises the  chief  agencies  in  operation  at  this  moment ; 
such  as  "the  change  of  land  to  sea,  and  of  sea  to  land ;  the 
excavation  of  valleys ;  the  destruction  of  hills,  and  the 
transfer  of  their  materials  to  the  sea ;  the  transition  of  dry 
ground  to  marshes*  and  the  reverse;  the  occurrence  of 
earthquakes,  and  the  phenomena  they  produce  ;  the  union  of 
islands  with  mainlands,  the  insulation  of  peninsulas,  and 
those  instances  of  change  which  characterise  the  varying 
condition  of  the  crust  of  our  globe.  The  laws  of  Nature 
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are  as  permanent  as  they  are  powerful,  and  the  causes 
described  by  the  poet  are  as  energetic  at  present  as  they 
were  twenty  centuries  ago,  when  they  were  enumerated. 
The  sea  is  a  powerful  and  ever-active  agent  of  destruction ; 
and  the  shores  of  Our  island  present  extensive  proofs  of  its 
devastating  power.  We  find  that  lofty  cliffs  and  rocky 
promontories  are  in  a  state  of  decay,  more  or  less  rapid  in 
proportion  to  the  character  of  the  materials  which  compose 
them,  and  the  power  they  possess  of  resisting  its  abrading 
force.  Commencing  with  the  shores  of  Orkney  and  Shetland, 
we  observe  the  effects  of  the  waves  on  the  primary  formations 
of  those  distant  isles  ;  and  proceeding  to  the  mainland,  we 
notice  like  traces  of  devastation  along  the  eastern  coast  of 
Scotland,  where  tracts  of  land,  villages,  and  towns,  are  recorded 
to  have  been  swept  away  by  the  sea.  On  passing  the  English 
border,  we  find  the  coasts  of  Northumberland  and  Durham 
presenting  similar  marks  of  destruction,  which  are  recorded 
in  the  historical  descriptions  of  these  districts.  On  the 
shores  of  Yorkshire,  the  same  scene  of  devastation  presents 
itself;  several  villages  have  been  destroyed,  of  which,  in  some 
cases,  a  mere  vestige,  in  others  the  name  only  remains,  the 
amount  of  denudation  depending  largely  on  the  nature  ol 
the  cliffs,  and  their  greater  or  less  capability  of  resisting 
the  waves.  Thus  at  Bridlington, — the  cliffs  are  composed 
of  pliocene  deposits  resting  on  the  chalk, — a  great  portion  of 
which  have  been  swept  away.  The  town  and  port  of 
Ravenspurn,  at  which  Henry  IV.'  landed  on  his  enterprise 
of  dethroning  Bichard  II.,  now  exists  only  in  the  historical 
records  of  that  event.  The  low  coast  of  Lincolnshire  is  pro- 
tected by  embankments,  the  destruction  of  which,  by  inunda- 
tions, has  at  various  periods  occasioned  the  most  disastrous 
results.  Tracts  of  this  fenny  district,  embanked  and  drained 
by  the  Romans,  were  lost  after  the  departure  of  that  people, 
by  the  decay  of  the  barriers,  and  the  inroad  of  the  sea.  The 
coasts  of  Norfolk  and  Suffolk,  being  composed  of  softer  mate- 
rials, exhibit  a  striking  example  of  the  destructive  power  of 
the  ocean  in  the  ruin  of  the  cliffs  ;  while  the  deposit  of  bars 
and  sand-banks,  composed  of  the  detritus  thereof,  act  as 
barriers,  and  prevent  its  farther  encroachments.  "While 
tracts  of  land  and  villages,  together  with  the  old  town  of 
Cromer  and  of  Dimwich,  have  been  swept  away  by  the  ocean, 
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various  districts  have  been  won  from  the  deep.  History 
and  tradition  record  the  fact  that  the  sea  once  extended  to 
Norwich,  on  an  arm  of  which,  it  is  recorded  in  Saxon  manu- 
scripts to  have  been  situated ;  while  ancient  cliffs  existing  far 
inland,  prove  that  the  sea  has  receded  still  more  considerably 
from  its  ancient  limits.  Extensive  devastation  is  observed 
along  the  coast  of  Essex,  which  is  largely  composed  of  strata 
appertaining  to  the  London  clay  formation.  The  town  of 
Harwich,  stated  to  be  the  representative  of  a  more  ancient 
submerged  town,  called  Orwell,  is  in  inevitable  danger  of 
sharing  the  fate  of  its  predecessor.  The  coasts  which  sur- 
round the  estuary  of  the  Thames  present  examples  of  the 
countervailing  destruction  and  restoration  of  the  land.  While 
the  cliffs  of  the  Isle  of  Sheppey,  which  consist  solely  of 
London  clay,  are  constantly  wearing  away,  the  channel  which 
separated  the  Isle  of  Thanet  from  the  mainland  of  Kent, 
has  shoaled  up  and  formed  new  land.  The  G-oodwin  sands 
are  said  to  have  constituted  the  estates  of  Earl  Goodwin, 
which  were  submerged  beneath  the  waves.  Pursuing  the 
inquiry  along  the  coast  of  Kent,  we  find  the  work  of  devas- 
tation still  in  progress.  The  firmer  cliffs  of  the  chalk  are 
undermined  and  destroyed  as  surely  as  the  more  yielding 
strata  of  the  London  clay.  The  cliffs  of  Dover  are  thus 
sapped,  and  considerable  falls  constantly  occur.  At  Polk- 
stone,  the  same  accidents  are  produced  in  a  manner  analo- 
gous to  that  which  takes  place  at  the  south  side  of  the  Isle 
of  Wight,  in  strata  of  the  same  geological  formation,  and 
which  have  given  rise  to  the  celebrated  Undercliff  of  that 
island.  The  chalk  at  Eolkstone  rests  inclined  on  the  gault, 
or  blue  clay.  The  water  which  passes  through  the  porous 
strata  so  moistens  the  clay,  as  to  occasion  the  overlying  mass 
to  slide  down  the  inclined  plane  formed  by  the  subjacent  de- 
posit, and  thus  to  produce  falls  of  enormous  extent.  The  sand 
cliffs  of  Hastings  have  suffered  considerable  destruction.  The 
chalk  cliffs  of  Beachy  Head  have  undergone  like  abrasion  and 
disintegration.  An  enormous  mass  of  rock,  three  hundred  feet 
in  length,  and  thirty  in  breadth,  was  precipitated  some  thirty 
years  ago,  and  similar  falls  have  since  repeatedly  occurred. 
At  Brighton,  part,  though  not  the  whole,  of  the  ancient  town 
was  situated,  in  the  reign  of  Elizabeth,  under  the  cliffs,  on 
the  spot  where  the  chain-pier  now  extends  into  the  sea ; 
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in  the  year  1665,  twenty-two  tenements  had  been  ingulfed 
by  the  waters,  but  one  hundred  and  thirteen  still  remained, 
which  were  destroyed  by  the  great  storm  of  1705.*  The 
waste  still  continues  ;  the  road  called  the  Marine  Parade  has 
repeatedly  been  narrowed  ;  a  battery  formerly  stood  at  the 
bottom  of  the  New  Steine,  the  site  of  which  is  now  swept 
away.  Proceeding  westward  along  the  Sussex  coast,  we 
find  various  instances  of  land  having  been  ingulfed  ;  several 
large  churches,  built  in  the  immediate  vicinity  of  the  sea 
are  extremely  disproportioned,  in  size  and  endowment, 
to  the  scanty  population  by  which  they  are  surrounded. 
We  have  already  alluded  to  the  mode  by  which  the  cliffs  of 
the  Isle  of  Wight  are  sapped,  and  landslips  produced.  The 
promontories  and  headlands  on  the  south  side  of  the  island 
are  composed  of  strata  appertaining  to  the  cretaceous  period. 
Alum  Bay  and  Whitecliff  Bay  are  hollowed  out  of  the  ter- 
tiary strata  (fig.  252),  and  the  bays  of  Sandown  and  Compton 
of  the  equally  yielding  beds  of  clay  and  sand  belonging  to 
the  wealden,  and  neocomian  rocks. 

In  investigating  the  southern  coast,  we  find  the  same 
conditions  prevailing ;  the  bays  are  scooped  out  of  softer 
deposits,  while  the  harder  rocks,  which  have  withstood  the 
action  of  the  waves,  constitute  the  promontories  and  head- 
lands. The  latter  are  in  a  continual  course  of  abrasion,  their 
destruction  being  more  rapid  where  the  substratum  consists 
of  clay.  Such  is  the  case  in  the  Isle  of  Wight,  and  the 
peninsulas  of  Portland  and  Purbeck.  The  great  landslip  of 
December  24th,  1839,  which  occurred  on  the  coast  between 
Lyme  and  Axminster,  was  produced  under  similar  circum- 
stances, the  upper  beds  consisting  of  strata  belonging  to  the 
chalk  and  greensand  formations ;  the  lower  being  composed 
of  clay  appertaining  to  the  lias.  The  springs  traversing  the 
greensand  had  previously  loosened  the  upper  beds,  and,  by 
moistening  the  clay,  produced  frequent  falls,  forming  a  kind 
of  undercliff.  On  this  occasion,  the  season  had  been  unusu- 
ally wet,  and  the  upper  strata  having  become  saturated  with 
moisture,  the  clays  had  been  rendered  slippery,  and  the 
entire  mass  was  set  in  motion,  the  whole  of  the  beds  above 
the  lias,  comprising  masses  of  chalk,  chert,  and  greensand, 

*  Dr.  Mantell's  Geology  of  Sussex. 
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were  precipitated  over  the   subjacent  beds   of  lias.     The 
neighbouring  coast  of  Devon  presents 
evidence  of  like  action ;  but,  owing  to 
the  firmer  nature  of  the  rocks  of  that 
district,    consisting    largely   of   sand- 
stones and  limestones,  appertaining  to 
the  Devonian  and  carboniferous  groups, 
the  action  of  the  waves   is   less   evi- 
dent, and   appears  to  have  been  less 
rapid ;  while  on  the  adjacent  shore  of 
Cornwall,    the   still  harder   and  more 
crystalline  character   of  the    plutonio 
rocks,    the    granites,    syenites,  green- 
stones,  and  the    like,    evince    feebler 
marks  of  the  agency  of  the  sea,  and  no 
perceptible  change,  of  any  importance, 
is  recorded  as  having  taken  place  in  th<? 
configuration  of  the  coast  during  the 
records  of  man.     The  general  princi- 
ples, which  are  remarked  in  other  locali- 
ties are  observable  here;  the  softer  rocks 
being  gradually  hollowed  out  into  creeks 
and  bays,  while  the  harder  strata  are 
left   to   protrude   as   headlands  ;    the 
results     being    proportionate    to    the 
various   causes   arising   from   the  un- 
equal  resistance    of   the    rocks,     the 
power  of  currents,   tides,   waves,  and 
breakers,  and  the  original  form  of  the 
coast    line.       Proceeding    round   the 
Land's  End,  the  same  description  ap- 
plies to  the  northern  shores  of  Devon, 
Somerset,  and  the  adjacent  district  of 
Wales.     On   the  Cheshire  coast,    the 
cliffs,  composed  of  the  softer  clays  and 
marls  of  the  new  red  sandstone  have 
yielded  immensely  to  the  advance  of 
the  ocean,  and  though  in  the  estuary 
of  the  Severn,  land  both  in  Somerset- 
shire and  Gloucestershire,    has,  to   a 
considerable  extent,  been  formed,  yet 

the  loss  on  this  part  of  the  coast  far  exceeds  the  gain. 
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It  has  been  already  observed,  that  the  action  of  the  sea 
is  materially  assisted  by  the  percolation  of  rain,  and  the 
operation  of  frosts.  Where  the  cliffs,  instead  of  being  of  a 
homogeneous  nature  to  their  base,  are  composed,  in  their 
lower  portions,  of  an  impermeable  substance,  such  as  clay, 
the  upper  portions  are  increased  in  weight  by  the  infil- 
tration of  water,  while  the  lower  are  moistened  and  ren- 
dered slippery,  so  that  the  upper  masses  glide  down  and 
occasion  a  fall.  Frosts  prove  a  like  important  agent  of  de- 
struction, fracturing  various  portions  of  the  mass,  by  the 
expansion  of  the  contained  water  in  the  act  of  freezing, 
which  portions  are  subsequently  detached  by  their  own 
gravity.  The  cliff  thus  attacked,  becomes  readily  disin- 
tegrated :  and,  from  a  due  consideration  of  these  causes,  we 
cease  to  wonder  at  the  extensive  ruin  observable  in  all  the 
less  resisting  strata,  from  the  coasts  of  Yorkshire  to  those 
of  Sussex,  and  thence,  to  a  greater  or  less  extent,  to  the 
shores  of  Cheshire  and  the  coasts  of  Scotland. 

To  enumerate  all  the  instances  of  the  destructive  effects 
of  aqueous  agency,  observable  over  the  earth,  would  far  ex- 
ceed our  limits ;  it  may  be  sufficient  to  state,  that  the  same 
principles  universally  prevail :  the  harder  rocks  stand  out 
as  headlands,  after  the  softer  deposits  have  been  worn  into 
bays,  the  action  of  the  sea  being  modified  by  local  causes,  as 
the  form  of  the  land,  the  course  of  tides,  waves,  breakers, 
and  currents. 

FLUVIATILE  ACTION. — Rivers  are  alike  destructive  of  the 
banks  through  which  they  flow ;  especially  in  the  case  of 
floods,  torrents,  and  inundations  occasioned  by  rain  and  the 
melting  of  snow;  the  ravages  they  effect  can  hardly  be 
credited  by  those  who  have  not  directed  their  attention  to 
this  class  of  agents.  These  phenomena  are  more  strikingly 
developed  on  the  continents  of  Asia,  Africa,  and  America, 
the  rivers  of  which  constitute  the  drainage  of  great  tracts  of 
land.  We  must  refer  the  student  to  the  works  on  this 
branch  of  our  subject,  in  which  fluviatile  action  is  discussed 
in  the  most  ample  and  satisfactory  manner. 

ATMOSPHERIC  AGENCY. — The  agency  of  the  atmosphere 
is  both  chemical  and  mechanical.  The  absorption  of  oxygen 
and  carbonic  acid  from  the  air,  causes  rocks  of  all  classes 
to  disintegrate.  The  mechanical  agency  consists,  in  the  first 
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place,  in  the  abrading  force  of  running  water,  by  which  the 
solid  materials  of  the  earth  are  continually  worn  off  and 
transferred  to  the  beds  of  adjacent  seas ;  and,  secondly,  in 
the  fissuring  and  cleaving  of  rocks,  by  the  expansive  power 
of  frost. 

As  the  agencies  above  mentioned  are  chiefly  referable  to 
destructive  causes,  and  are  attributed  to  the  action  of  water, 
those  of  a  renovative  nature  are  assigned  to  elevating  forces, 
and  are  principally  due  to  the  agency  of  fire.  By  these 
antagonistic  powers,  the  solid  crust  of  the  earth  is  changed 
and  renewed.  The  agency  of  heat  is  manifested,  either  by 
the  rapid  effects  of  the  volcano,  or  the  slower  process  of 
gradual  upheaval;  the  former  being  exemplified  by  the 
raising  of  Monte  Nuovo  in  a  night,  the  latter  by  the  uplifting 
of  Sweden  and  part  of  Scandinavia  by  gradual  continental 
elevation. 

The  conservative  principle  is  also  exemplified  in  the 
tendency  of  the  materials  derived  from  the  destruction  of 
pre-existing  rocks,  to  become  consolidated  into  new  strata, 
by  means  of  cement,  either  of  a  siliceous,  calcareous,  or  ferru- 
ginous nature.  The  production  of  silex,  which  is  far  more 
abundant  in  the  older  formations  than  in  those  of  recent 
date,  constitutes  a  problem  which  the  present  state  of  our 
knowledge  does  not  enable  us  to  solve.  The  siliceous  depo- 
sits of  the  springs  of  Carlsbad,  and,  in  particular,  the  Geysers 
of  Iceland,  are  due  to  the  action  of  thermal  agents  pro- 
duced by  the  internal  heat  of  the  earth,  which,  it  is  sup- 
posed, was  more  active  during  the  earlier  periods  of  its 
history  than  at  present.  The  nature  of  calcareous  cement 
is  more  easily  explained.  Most  fresh  water  holds  a  certain 
quantity  of  carbonic  acid  gas  and  carbonate  of  lime  in  solu- 
tion. A  change  of  temperature  liberates  the  gas,  and  the  lime 
is,  in  consequence,  precipitated.  Streams  thus  impregnated 
flowing  over  loose  materials,  as  sand,  pebbles,  &c.,  have  the 
effect  of  cementing  them  into  rock,  and  producing  limestone, 
calcareous  sandstone,  or  conglomerate ;  while  waters  hold- 
ing iron  in  solution,  cement  similar  substances  into  con- 
glomerations of  a  ferruginous  nature. 

Rivers  exemplify  the  conservative  principle,  in  the  forma- 
tion of  deltas  at  their  junction  with  the  sea,  by  which  the 
materials  they  have  abraded  and  swept  away  are  thrown 
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down  as  new  deposits.  The  most  striking  instances  are  fur- 
nished by  the  Delta  of  the  Nile,  and  the  large  rivers  of  the 
American  continent. 

In  addition  to  these  mechanical  agencies,  we  have  already 
alluded  to  the  fact,  that  vital  action  is  employed  in  the  con- 
struction of  new  formations.  The  coral  polype  is  ceaselessly 
at  work,  rearing,  first,  its  reefs,  then  its  islands  above  the 
surface  of  the  deep,  and,  finally,  by  the  union  of  these,  pro- 
ducing continents,  which  at  a  future  period  will  rival  those 
already  in  existence. 

The  limestone  of  Gruadaloupe,  celebrated  for  the  human 
skeletons  embedded  in  it,  is  a  recent  deposit,  formed  by  the 
following  process: — The  coral  reefs  which  surround  the 
island  are  abraded  by  the  incessant  action  of  the  waves. 
The  detritus  thus  produced,  is  drifted  to  the  shore  in  the 
state  of  coralline  sand  or  mud,  where,  by  the  action  of  the 
atmosphere,  or  streams  holding  carbonate  of  lime  in  solution, 
the  mass  becomes  indurated,  and  forms  a  compact  limestone. 
It  is  evident  that  the  rock  was  in  a  plastic  state  when 
these  skeletons  were  placed  in  it,  and  it  is  also  ascertained 
that  the  bones  are  not  fossilised,  but  retain  their  animal 
matter  and  phosphate  of  lime.  There  is  not  sufficient 
evidence  as  to  the  mode  in  which  they  have  been  embedded, 
whether  they  are  the  relics  of  a  battle,  or  were  deposited 
as  a  mode  of  sepulture.  Greneral  Erneuf,  mentions  a  mas- 
sacre of  the  Gralibi  tribe  by  the  Garibs  to  have  taken  place, 
130  years  since,  on  this  spot :  but  Dr.  Moultrie,  who  pos- 
sesses the  skull  belonging  to  the  specimen  in  the  British 
Museum,  declares  it  to  be  that  of  a  Peruvian,  or  a  race 
possessing  a  similar  form  of  skull.  A  skeleton,  now  in  the 
Museum  of  Natural  History  at  Paris,  was  discovered  in  a 
sitting  position,  which  is  known  to  be  the  usual  interment 
posture  adopted  by  the  aborigines  of  these  regions.  The 
accompanying  figure  (253)  represents  the  skeleton  from 
Gruadaloupe  in  the  British  Museum. 
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FIG.  253.— Human  skeleton,  imbedded  in  limestone 
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TERTIARY  PERIOD. 

Tertiary  System,  Supracretaceous  Group  of  English  ;  Terrains  de  Sediment 
Superieurs  of  French  ;  Tertiargebilde  of  German  Authors. 

Authors  r — Lyell,  Charlesworth,  Webster,  Prestwich,  Scrope,  Horner,  Cuvier, 
Brongniart,  Constant  Prevost,  Wright,  &c.,  &c. 

Collections  : — Geological  Society,  those  of  the  Marchioness  of  Hastings, 
Mr.  Bowerbank,  Mr.  Saull,  Mr.  F.  Edwards,  and  Mr.  S.  V.  Wood, 
Private  Cabinets  in  Suffolk,  Norfolk,  Isle  of  Wight,  London. 

HAYING  described  the  studies  which  are  essential  to  the 
geologist,  and  suggested  the  best  mode  of  pursuing  them ; 
we  shall  now  sketch  a  compendious  account  of  the  various 
geological  periods,  and  the  stages  into  which  they  are 
divided.  The  student  will  find  his  inquiries  assisted,  by 
impressing  on  his  memory,  at  an  early  period  of  his  studies, 
some  striking  facts,  characteristic  of  each  period  and  stage, 
by  which  they  may  be  recognised.  Thus,  the  varied  deposits, 
fluviatile,  lacustrine,  marine,  and  volcanic,  which  constitute 
the  tertiary  system,  may  be  distinguished  by  the  following 
general  features : — 

1.  They  are  deposited  in  depressions,  usually  of  the  chalk, 
and  occasionally  of  the  older  rocks. 

2.  They  evince  proofs  of  important  changes  in  the  relative 
level  of  land  and  sea. 

3.  They  afford  evidence  that,  during  this  epoch,  part  of 
Europe  was  the  site  of  great  lakes,  which,  at  the  present  day, 
have  their  analogues  in  the  American  continent. 

4.  They  show  that  volcanic  agency  was  then  developed  on 
a  vast  and  magnificent  scale. 

5.  They  testify  the  gradual  refrigeration  which  took  place 
during  this   epoch,  and  the  approximation  consequent  on 
change  of  climate,  to  the  forms  of  vegetable  and  animal  life 
prevailing  at  the  present  day. 
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6.  Finally,  owing  to  their  position  at  the  surface,  and 
having  undergone  less  pressure  than  the  rocks  beneath,  they 
constitute  a  vast  depository  of  fossil  shells,  which  are  pre- 
served in  such  number  and  perfection,  as  to  form  a  scale 
by  which  the  relative  ages  of  these  formations  may  be  deter- 
mined. 

M.  Deshayes,  whose  work  on  the  fossil  shells  of  the  Paris 
beds  will  long  remain  a  monument  of  his  profound  know- 
ledge of  conchology,  divided  the  European  tertiary  strata  into 
three  groups,  founded  upon  the  proportion  of  existing  species 
which  they  contain.  The  following  table  exhibits  the  groups, 
the  per-centage  of  the  recent  species,  and  the  localities  where 
they  are  developed  : — 

STAGES.  LOCALITIES. 

Upper  Group,  J"  Sicily ;  the  stib-apennine  beds ;  Perpignan,  Morea,  and  the 
49  per  cent.    \      Norfolk  crag. 

•  ("Faluns  of  Touraine  ;    Dax  ;    Bordeaux;    Suffolk  Crag; 

Middle  Group,  I       Turin  ;  Baden;  Vienna;  Angers;  Rouca.  The  Viennese 

18  per  cent.     |       and  Baden  fossils    are     typical  of    those   of   Moravia, 

^      Hungary,  Cracovia,  Volhynia,  Podolia,  and  Transylvania. 

..  p  f  Paris;  London  ;  Hants  ;  Isle  of  Wight,  Valognes;  Belgium. 

l,owe        -oup,    I       The  fogs.l8  of  Cagtel  Gomberto  and  pjmliac  are  near]y 

1     [      the  same  as  the  Parisian  series. 

By  independent  investigations  on  the  tertiary  strata  of 
Europe,  Sir  C.  Lyell*  grouped  the  beds  into  four  divisions, 
founded  on  the  proportion  of  existing  species  they  seve- 
rally contained.  The  result  of  our  distinguished  country- 
man's labours  confirmed  those  of  M.  Deshayes. 

In  certain  deposits  he  found  that  out  of  a  hundred  shells 
there  were  no  more  than  three  which  were  identical  with 
living  forms ;  in  other  beds  the  proportion  increased  to 
seventeen ;  while,  in  others,  the  numbers  varied  from  about 
thirty-five  to  upwards  of  ninety  per  cent.  Inferring,  there- 
fore, that  the  relative  age  of  these  deposits  might  be  deter* 
mined  by  the  number  of  existing  shells  they  respectively 
contained,  he  assigned  the  three  per  cent,  beds  to  the  oldest 
term,  calling  them  eocene,  from  fas,  aurora,  and  KCUI/OP,  recens, 
indicating  the  dawn  of  the  new  or  recent  period  ;  the  seven- 
teen per  cent,  to  the  miocene,  or  middle,  from  nfiwv,  minor, 
and  Kaivos,  recens,  signifying  that  these  beds  contained  a 

*  Principles  of  Geology,  2nd  Edition. 
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minority  of  recent  shells ;  and  the  remaining  deposits  to  the 
pliocene,  or  modern,  from  7rA«o>j/,  major,  and  KCUVOS,  recens, 
showing  that  these  deposits  contain  a  majority  of  recent 
shells.  He  subdivided  this  latter  class  again  as  follows  : — 
the  beds  which  contained  fifty  per  cent,  of  existing  shells 
were  termed  older  pliocene,  while  those  which  presented 
ninety  in  a  hundred  of  living  forms  were  named  newer 
pliocene.  The  student  will  best  understand  the  whole  as 
signifying  ancient  tertiary,  middle  tertiary,  and  modern  ter- 
tiary; subdividing  the  latter  into  early  modern  tertiary,  and 
later  modern  tertiary. 

Alcide  D'Orbigny  divides  the  tertiary  period  into  four 
stages,  each  characterised  by  a  special  fauna ;  which  he  has 
named  Sub-apennine,  Falunian,  Parisian,  and  Suessonian; 
these  four  stages  contain  6,040  species  of  mollusca  and 
radiata,  the  distribution  of  which  is  shown  in  this  table : — 

o_, .  _  __  Number  of  species    Number  of  species        Total  Number 

of  Mollusca.  of  Radiata.  of  species. 

Sub-apennine  .  *  -  444  162  606"! 

Falunian     .       .       .  2,903  160  3>063Unin 

Parisian  .        .  .  1,478  199  1,677  pU4' 

Suessonian.       .  >  562  132  694J 

GrEO GRAPHICAL  DISTRIBUTION  OF  THE  TERTIARY  STRATA. 

— They  prevail  extensively  in  this  country,  but  are  more 
largely  developed  on  the  continent  of  Europe,  occurring  in 
France,  Italy,  Sicily,  Germany,  and  in  Asia,  Africa,  America, 
and  Australia. 


FIG.  252.— VolMa  Lamberti,  Red  crag.        FIG.  253.— Fusus  contrarius,  Red  crag. 

A   A     2 
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The  marine  deposits  of  the  valley  of  the  Clyde,  near 
Glasgow,  which  contain  from  85-90  per  cent,  of  existing 
species,  represent  the  newer  pliocene  ;  whilst  the  crag 
of  Norfolk  is  regarded  as  older  pliocene,  the  red  and 
coralline  crag  of  Suffolk  is  referred  to  the  miocene  group. 


FIG.  254. — Trophon  elegans,  ventral  side,  from  the  red  crag. 


The  stratigraphical  order  of  the   crag   was  determined  by 
Mr.  Charlesworth,*  to  be : — 

1.  The  mammaliferous  or  Norwich  crag. 

2.  The  red  crag. 

3.  The  coralline  crag. 

The  mammaliferom  crag  consists  of  shelly  beds  of  sand, 

*   In  a  paper  read  to  the  British  Association,  in  1836. 
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FIG.  255.— Trophon  elegans,  dorsal  side,  from  the  red  crag. 

laminated  clay  and  loam,  with  layers  of  flinty  shingle  repos- 
ing on  chalk,  and  generally  covered  with  a  thick  bed  of 
gravel:  this  stratum  contains  about  a  hundred  species  of 


^^^g^  -S«§^B— ^^- 

FIG  256.—  Natica  glaucinoides,  Cor.  crag.       Fia.  257.— Astarte  plana,  Cor.  crag. 
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mollusca,  about  twenty  of  which  are  land  and  fresh-water 
shells.  "With  these  are  found  remains  of  fishes,  Platax,  Mylio- 
bates,  and  mammalian  remains  of  mastodon,  elephant,  horse, 
pig,  &c.,  and  also  bones  of  birds. 

The  red  crag  is  a  shelly  sand  of  a  deep  ferruginous  colour 
containing  an  abundance  of  marine  shells,  many  of  which 
are  much  rolled  or  water-worn,  the  layers  of  which  are 
obliquely  disposed  from  some  -irregular  movement  during 
their  deposition.  Between  two  and  three  hundred  species  of 
mollusca  are  found  in  this  bed,  of  which  figs.  252,  253,  254, 
255,  are  very  characteristic. 

The  coralline  crag  consists  of  a  loose  mass  of  shells  and 
corals,  imbedded  in  calcareous  sand  ;  or  it  is  compact,  and 
forms  flaggy  beds  of  limestone,  with  bands  of  greenish  marl. 
Some  of  the  harder  parts  are  employed  as  a  building  material; 
its  fossil  remains  consist  of  spongidae,  corals,  and  echino- 
derms,  with  about  four  hundred  species  of  mollusca,  of  which 
figs.  256  and  257  are  characteristic.  It  has  been  ascertained 
that  the  coralline  crag  was  partially  consolidated  before  the 
deposition  of  the  red  crag,  as  its  surface  has  been  denuded, 
and  perforated  with  Pkolades,  wrhich  lived  in  the  sea  that 
deposited  the  latter.* 

A  tooth  of  a  gigantic  Carcharias  (fig.  258),  found  in  the 
red  crag  of  Suffolk,  and  described  by  Mr.  Charlesworth,f 
proves  that  enormous  sharks  inhabited  the  shores  of  our 
island  during  the  miocene  stage. 

Sir  Charles  Lyell  gives  the  following  table,  illustrative  of 
the  numerical  proportion  of  recent  and  fossil  species  of  mol- 
lusca, from  the  stages  of  the  English  tertiary  period. 


PEIUODS.  LOCALITY.  Percentage. 

PL,OCENE  .{^e^e^e8>toiao.   .  .  40 

NEWER  PLIOCENE         Marine,  near  Glasgow  1  85  to  90    .     .     .160 


.4*0 


T-,  f  London,  Hampshire       1     ,        0 

EOCENE        .     .     .    |      ^  j    1  or  2      ...  400 


*   Tennant's  British  Fossils. 
Magazine  of  Natural  History,  new  series,  vol.  i.  p.  226. 


BASIN    OF    LONDON.  359 

Judging  from  the  character  of  the  crag  fauna,  it  has  been 
conjectured  that  these  deposits  were  formed  in  a  sea  of 
moderate  depth,  from  fifteen  to  twenty-five  fathoms.  Many 
of  the  species  formerly  known  only  as  fossils  of  the  crag,  and 
supposed  to  have  died  out,  have  been  dredged  up  in  a  living 


FIG.  258. — Carcharias  megalodon,  Red  crag. 
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state  from  depths  not  previously  explored.  The  crag  fauna 
has  therefore  been  found  to  approach  much  nearer  to  the 
recent  fauna  of  the  Northern  British  and  Mediterranean 
seas  than  had  been  imagined.  The  analogy  of  the  whole 
group  of  testacea  to  the  European  type  is  very  marked, 
whether  we  refer  to  the  large  development  of  certain  genera 
in  number  of  species,  or  to  their  size,  or  to  the  suppression 
or  feeble  representation  of  others.  The  indication  also 
afforded  by  the  entire  fauna  of  a  climate  not  much  warmer 
than  that  now  prevailing  in  corresponding  latitudes,  prepares 
us  to  believe  that  they  are  not  of  higher  antiquity  than  the 
older  Pliocene  era.* 

The  deposits  which  occupy  the  basin  of  London,  and  the 
valley  of  the  Thames,  fill  up  a  depression  of  the  chalk,  which, 
commencing  from  the  North  Downs  on  the  south,  termi- 
nate on  the  east  with  the  Isle  of  Sheppey,  on  the  west  with 
the  sea,  and  are  bounded  on  the  north-west  by  the  re-appear- 
ance of  the  chalk  in  the  hills  of  Berkshire,  Wiltshire,  Oxford- 
shire, Buckinghamshire,  and  Hertfordshire.  These  accumu- 
lations were  once  divided  into  three  distinct  groups,  the 
Bagshot  sand,  London  clay,  and  Plastic  clay,  but,  by  later 
observers,  they  have  been  reduced  to  two;  the  first  consisting 
of  those  superficial  beds  which  compose  the  sands  of  High- 
gate,  Hampstead,  Pinchley,  Bagshot  Heaths,  and  other  are- 
naceous deposits  in  the  vicinity  of  the  metropolis ;  the 
second  comprises  those  underlying  deposits  of  shingle,  clay, 
loam,  and  sand,  wrhich  constitute  the  London  clay  formation. 
The  upper  division  of  the  latter  is 
composed  of  indurated  clays,  of 
various  tints,  chiefly  bluish  or  brown, 
and  frequently  containing  ovate 
nodules  of  argillaceous  limestone, 
divided  by  fissures,  filled  with  veins 
of  crystallised  carbonate  of  lime  or 
sulphate  of  barytes,  radiating  from 
FIG.  259.— Septarium.  the  centre  to  the  circumference, 

,'V  produced  by  the  cracking  of  the 
clay  when  drying,  and  by  the  subsequent  infiltration  of  the 
mineral  substance  into  the  cavities  thus  occasioned  (fig.  259). 

•  Sir  C.  Lyell,  Manual  of  Elementary  Geology,  1851. 
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They  are  named  septaria,  and  are  extensively  used  for 
cement ;  on  breaking  them  for  this  purpose,  some  organic 
substance,  as  a  shell,  plant,  or  fruit,  is  usually  found  con- 
stituting the  nucleus  of  the  mass.  The  lower  division  is 
composed  of  alternating  beds  of  sand,  shingle,  clay,  and  loam, 
which,  from  some  of  the  clays  being  used  for  pottery,  occa- 
sioned the  name  of  the  Plastic  clay  formation  to  be  bestowed 
on  the  entire  series.  The  character  of  their  embedded 
fossils  proves  the  marine  origin  of  these  deposits  ;  consisting 
of  the  teeth  and  vertebrae  of  sharks,  the  remains  of  Crustacea, 
with  those  of  marine  mollusca  and  corals.  The  vegetable 
reliquiae,  consisting  of  the  leaves,  fruits,  and  stems  of  plants, 
with  masses  of  wood  perforated  by  teredines,  evince  the 
proximity  of  land,  and  show  that  these  objects  had  been 
transported  by  rivers  and  tributary  streams  to  the  then 
existing  ocean. 

THE  ISLE  or  SHEPPET  is  an  outlier  of  the  London 
clay.  The  beds  are  so  strongly  impregnated  with  iron 
pyrites  as  to  render  their  contained  fossils  extremely  liable 
to  decomposition,  and  compels  the  collector  to  have  recourse 
to  particular  methods,  as  boiling  them  in  linseed  oil,  or 
keeping  them  in  water,  in  order  to  preserve  them.  The 
fruits  of  this  locality  are  so  abundant,  that  Mr.  Bower- 
bank  has  commenced  a  work  devoted  exclusively  to  their 
illustration.  They  are  all  of  a  tropical  nature,  and  constitute 
an  important  feature  of  the  eocene  flora.  By  some  this 
district  was  supposed  to  have  been  the  site  of  numerous 
spice-islands  ;  by  others  it  has  been  regarded  as  an  estuary 
deposit,  and  the  fruits  are  conjectured  to  have  been  drifted 
by  a  river  from  the  land. 

Some  of  the  characteristic  shells  of  the  London  clay  are 
represented  in  fig.  260. 

Fig.  261  represents  a  piece  of  fossil  wood,  pierced  by 
TeredincB,  a  boring  mollusk  allied  to  the  Teredo,  which  proves 
so  destructive  to  the  timber  of  vessels.  The  wood  is  now  con- 
verted into  a  stony  mass.  "  It  must  have  once  been  buoyant 
and  floating  in  the  sea,  when  the  teredines  lived  upon  it, 
perforating  it  in  all  directions.  But  before  they  settled  on 
the  wood,  the  branch  of  a  tree  must  have  been  floated  down 
to  the  sea  by  a  river,  uprooted,  perhaps,  by  a  flood,  or  torn 
off  and  cast  into  the  waves  by  the  winds ;  and  thus  our 
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thoughts  are  carried  back  to  a  period  when  the  tree  grew 
for  years  on  dry  land,  enjoying  a  fit  soil  and  climate." 


FIG.  260.— 1.  Cassidaria  carinata.      2.  Turritella  edita.      3.  Pleurotoma  prisca. 
4.  Trochus  agglutinans.      5.  Area  interrupta. 


FIG.  261. — Wood  perforated  by  Teredina  personata,  London  clay. 

BASIN  OF  HAMPSHIEE  AND  THE  ISLE  OF  WIGHT. — We 
described  the  strata  of  the  London  Basin  as  being  wholly 
marine ;  but  in  the  adjacent  districts  of  Hampshire  and 
the  Isle  of  Wight,  we  find  alternations  of  fresh  water  and 
marine  beds,  indicating  those  important  changes  in  the  level 
of  the  land  and  sea  to  which  we  have  already  alluded.  This 
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phenomenon  is  one  of  universal  extent  and  influence,  affect- 
ing, in  fact,  every  portion  of  the  surface  of  the  globe ;  and 
as  its  operation  has  but  recently  been  under|tood,  it  may 
be  expedient  to  devote  a  brief  space  to  its  explanation. 
Prom  the  earliest  observation,  it  was  evident  that  existing 
continents  had  once  been  the  bed  of  the  sea.  To  explain 
the  phenomenon,  it  was  assumed  that  the  sea  had  retired, 
whilst  the  land  had  retained  its  position.  Yet  since  the 
same  spot  had,  in  many  cases,  been  the  site  of  sea  and  land, 
under  the  varied  conditions  of  sea,  estuary,  island,  river,  and 
lake,  it  became  necessary  to  suppose  several  successive 
retirements  and  returns  of  the  water.  But  while  such  a 
supposition  was  insufficient  to  explain  the  problem,  as 
regarded  the  sea,  it  proved  inapplicable  to  the  land ;  far 
from  affording  evidence  of  having  always  remained  in  a 
tranquil  position,  the  land  offered,  in  its  dislocations  and  dis- 
turbances, its  fractures  and  fissures,  its  elevations  and  sub- 
sidences, incontestable  proofs  that  it  had  been  the  scene  of 
the  changes  in  question,  and  that  their  occurrence  was  to 
be  explained  by  alterations  in  the  level  of  the  land,  and  not 
of  the  sea. 

TEMPLE  OP  JUPITER  SERAPIS. — The  fact  that  the  land 
has  been  raised,  and  not  the  sea  lowered,  has  received 
abundant  confirmation.  In  the  bay  of  Baiae,  near  Naples, 
some  pillars  and  other  fragments  of  a  Roman  building  were 
long  known  to  exist.  They  were  supposed  to  be  the  remains 
of  a  Temple  of  Jupiter  Serapis,  though  modern  antiquaries 
have  shown,  that  the  worship  of  the  Egyptian  deity  was 
proscribed  to  the  Eoman  people,  at  the  period  presumed  to 
be  that  of  their  erection,  and  that  these  relics  are,  probably, 
the  ruins  of  an  extensive  suite  of  thermce,  or  baths.  After 
having  excited  the  interest  of  the  antiquary,  the  attention 
of  the  naturalist  was  drawn  to  the  phenomenon  of  certain 
perforations  exhibited  in  the  three  remaining  pillars,  at  about 
twenty  feet  from  the  ground.  It  is  well  known  that  Litho- 
domi  live  only  in  the  sea,  bore  into  calcareous  rocks,  and 
exist  in  the  apertures  thus  made.  The  perforations  in  these 
columns  were  effected  by  mollusks  of  this  family.  Prom 
this,  and  other  facts,  it  has  been  demonstrated  that  the 
columns  have  suffered,  since  their  erection,  a  submersion 
beneath  the  sea,  a  long  sojourn  there,  and  a  subsequent 
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elevation  of,  at  least,  twenty-three  feet,  such  being  the  height 
of  the  upper  band  of  perforations.    The  movement  is  ascribed 


FIG.  262.— Temple  of  Serapis. 

to  volcanic  agency,  the  whole  district  around  being  volcanic, 
and  the  rise  and  the  submergence  of  the  temple  is  attributed 
to  the  elevation  and  depression  of  the  strata  on  which  the 
structure  was  erected. 

The  movement  appears  to  have  been  extremely  gradual, 
for  it  has  been  ascertained  by  Italian  geologists,  that  the 
pillars  are  actually  sinking  again,  owing  to  the  submergence 
of  the  soil;  yet  so  gentle  and  imperceptible  are  these 
motions,  that  the  shattered  columns  of  a  ruined  temple 
have  not  been  overturned  by  their  operation. 

RISE  OF  SWEDEN. — The  phenomena  observed  in  this 
instance  have  been  verified  by  observations  in  various 
districts,  and  spreading  over  extensive  areas.  Sir  C.  Lyell 
having  first  expressed  his  doubts  of  the  alleged  fact  of  a  rise 
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of  land  in  Sweden,  satisfied  himself  by  a  visit  to  that  country; 
that  it  had,  for-  ages,  been  in  course  of  elevation  in  some 
places,  and  of  depression  in  others,  rising  in  the  northern, 
and  sinking  in  the  southern  parts.  He  arrived  at  this  con- 
clusion, not  only  from  having  ascertained  that  the  land  stood 
higher  above  the  sea,  at  the  period  of  his  visit,  than  had  been 
the  case  twenty  or  thirty  years  before  ;  but  by  discovering 
beds  of  oyster  shells  of  existing  species,  in  inland  cliffs  at 
some  distance  from  the  sea,  he  farther  inferred  that  the  rise 
of  land  had  been  in  operation  for  centuries. 

"While  this  phenomenon  has  been  noticed  in  a  general 
way  in  Sweden,  it  has  been  observed  with  still  greater 
accuracy  in  Italy;  Signor  Mcolini,  a  geologist  of  Naples, 
having  ascertained  that  between  1823  and  1838  the  west 
coast  of  Italy  has  risen  112  millimetres,  or  about  four  inches 
English,  above  the  level  of  the  sea. 

The  effect  of  earthquakes  is  frequently  to  occasion  oscilla- 
tions and  changes  of  level ;  thus,  in  the  visitations  of  1822 
and  1835,  the  whole  coast  of  Chili,  from  the  Andes  far  out 
to  sea,  comprising  an  area  of  100,000  square  miles,  equal  in 
extent  to  one  hah1'  the  kingdom  of  France,  was  raised  to  a 
considerable  extent ;  and  in  the  late  fearful  earthquakes 
which  desolated  the  "West  India  Islands,  that  of  Martinique 
has  changed-  its  level,  and  undergone  an  oscillatory  move- 
ment, being  on  the  northern  side,  two  feet  higher  above 
high  water  mark,  and  on  the  southern,  two  feet  lower,  than 
was  the  case  prior  to  the  occurrence. 

HAMPSHIRE  AND  THE  ISLE  or  WIGHT. — Mr.  "Webster 
classified  the  tertiary  beds  of  Hampshire  and  the  Isle  of 
Wight,  into  the  following  subdivisions,  commencing  with 
the  lowest : — 1st.  Plastic  sands  and  clays.  2nd.  The  London 
clay.  3d.  Freshwater  deposits,  consisting  of  sandy,  cal- 
careous marls,  with  large  quantities  of  freshwater  shells. 
4th.  Clay  and  marl  abounding  in  marine  shells,  gene- 
rally of  different  species  from  those  in  the  London  clay. 
5th.  Upper  freshwater  deposits ;  yellowish  white,  or  green 
marl,  and  calcareous  limestone,  employed  for  building,  and 
forming  almost  one  entire  mass  of  freshwater  shells,  some  of 
the  chief  forms  of  which  are  depicted  in  figure  263. 

This  series  of  tertiary  beds  is  of  considerable  extent. 
Small  portions  occur  near  Newhaven,  and  Seaford,.  in 


SPECIAL    GEOLOGY. 


Sussex:  while,  to  the  westward  of  Brighton,  the  London 
clay  rises  to  the  surface  beyond  Worthing,  and  forms  the 


FIG.  263. — Nos.  1  and  2,  Palndina  concinna.      3  and  4,  Lymnsea  pyramidalis. 
5,  Planorbis  euomphalus. 

tract  between  the  chalk-hills  and  the  sea.  The  inland 
boundary  stretches  by  Chichester,  Emsworth,  and  South- 
ampton to  Dorchester ;  and  the  eocene  beds  extend  over 
the  New  Eorest,  as  far  as  Poole,  being  surrounded  by 
a  girdle  of  chalk.  The  northern  half  of  the  Isle  of 
"Wight  is  composed  of  tertiary  strata ;  the  island  being,  in 
fact,  a  disrupted  mass  of  the  formations  of  the  adjacent 
south-east  coast  of  England.  By  this  disruption,  the 
strata  have  undergone  the  most  singular  disturbance,  the 
chalk  has  been  lifted  upright,  and  the  tertiary  beds  with  it. 
These  results  are  well  displayed  at  Alum  and  Whitecliff 
Bays,  which  present  the  phenomena  of  sands  and  clays  of 
the  most  varied  tints,  green,  yellow,  red,  crimson,  ferrugi- 
nous, white,  black,  and  brown,  all  lifted  to  a  perpendicular 
position,  and  having  suffered  no  change,  except  that  of 
having  been  raised,  with  the  chalk,  from  a  horizontal  to  a 
vertical  plane.  The  beautiful  and  instructive  sections  of 
Whitecliff  and  Alum  Bays,  which  should  be  worked  by  all 
students  of  tertiary  geology,  form  the  subject  of  an  admir- 
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able  memoir  by  Mr.  Prestwich.*  As  the  editor  has  examined 
and  measured  these  beds  with  great 
care,  it  affords  him  pleasure  to  confirm 
that  gentleman's  accurate  observa- 
tions. In  Dr.  Mantell's  beautiful  ^ 
work,t  which  should  form  the  hand- 
book of  the  student,  an  accurate 
analysis  is  given  of  all  that  relates  to 
the  geology  of  the  Isle  of  Wight,  and 
the  annexed  diagram  (Fig.  264)  taken 
from  it,  will  render  our  outline  of 
Whitecliif  Bay  more  inteUigible.  This  f 

section  may  be  regarded  as  typical  of 
the  British  eocene,  marine,  estuary, 
and  lacustrine  formations.  The  strata  ! 

measure  nearly  two  thousand  feet  in        3      f " 
thickness,    and   are   divisible  into, — 
1.  Marine  series ;    2.  Estuary  series ;        S      § 
3.  Freshwater  series.  L      $ 

The  beds  incline  at  various  angles        z 
from  2°  to  90°.     Between  the  chalk        I 
of  Culver  Cliff  and  the  clay  is  a  thin        g 
seam  of  sand  and  chalk  flints.     This       % 
is  overlaid  by  one  hundred  and  forty       "~ 
feet  of  clays,  beautifully  mottled  with        g      •? 
red,  green,  brown,  and  puce  colours,        ^      I 
which  are  seen  to  much   perfection       §     f 
at  low-water  mark.     No  fossils  have  | 

been  found  therein.  The  next,  or 
lowest  fossiliferous  group,  is  the  re-  § 

presentative  of  tlaeBognor  beds;  taken 
collectively  they  measure  about  three 
hundred  and  forty  feet  in  thickness, 
and  abound  with  the  same  species  of  ^ 

shells  that  characterise  the  rocks  of 
Bognor,     as    Ditrupa,    Venericardia, 
Pectunculus,  &c.    The  middle  group,        ^ 
which    succeeds,    commences  with   a        | 
remarkable    iron    sandstone,     which 


*  Geological  Journal,  August,  1846. 
Geological  Excursions  round  the  Isle  of  Wight,  1847. 
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defines  its  limits.  This  series  measures  about  eiglit  hundred 
and  forty  feet  in  thickness,  and  constitutes  what  was  long 
known  as  the  London  clay.  It  is  divisible  into  sixteen  beds, 
and  is  composed  of  the  BracJclesham  series,  so  called  from 
the  identity  of  the  lithological  characters  of  the  sands  and 
the  species  of  shells  contained  therein,  with  the  sands  and 
shells  found  at  Bracklesham  Bay;  and  the  Barton  series  from 
the  clays  and  fossils  of  the  beds  resembling  those  found  at 
Barton.  The  next  bed  forms  a  massive  cliff  of  fine  light 
yellow  sand,  striped  with  ochre  and  ashy  bands :  it  is  the 
representative  of  the  Headon  Hill  sands,  and  is  two  hun- 
dred feet  in  thickness :  it  contains  a  seam  of  small  black 
fli.nt-  pebbles,  but  no  organic  remains. 

The  upper  group  consists  of  the  lower  freshwater  and 
estuary  series,  and  measures  about  three  hundred  and  fifty 
feet.  The  fossils  indicate  the  lacustrine  and  estuary  con- 
dition of  the  water  in  which  they  were  deposited. 

The  upper  Marine  series  is  an  interesting  group  composed 
of  clays  and  marls  containing  an  immense  quantity  of  marine 
shells,  as  Cytherea,  Ostrea,  Mactra,  Psammobia,  Natica,  Fusus, 
Ancillaria,  Cancellaria,  and  Balanus. 

The  upper  Fresh-water  series,  which  has  been  much 
denuded,  attains  a  thickness  of  90  feet.  The  beds  are  made 
up  of  the  casts  of  Paludina,  Melania,  Melanopsis,  and  other 
lacustrine  species. 

The  total  thickness  of  the  entire  series  is  about  1975  feet. 

Feet, 
Of  this  the  Mottled  clavs  form  140 


The  Bognor  series 

The  London  clay 

Headon-hill  sands 

Lower  Freshwater  and  estuary 

Upper  Marine  series 

Upper  Freshwater  series 


340 
840 
200 
350 

15 

90 

1975  feet. 


The  section  of  Alum  Bay  (Fig.  250)  is  remarkable  for  the 
750  feet  of  variously  coloured  sands  succeeding  the  Bognor 
beds,  and  which  represent  the  London  clay  series.  It  is 
impossible  to  describe  the  marvellous  shading  of  these  sandy 
strata,  as  they  are  blended  together  and  striped  like  the  pen- 
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eilling  on  the  petals  of  a  tulip.  The  coloured  sands  are 
destitute  of  animal  remains ;  but  seams  of  lignite  and  a  few 
vegetable  impressions  are  found  therein.  A  remarkable  bed 
of  white  pipe-clay  is- intercalated  with  the  sands,  containing 
beautiful  impressions  of  the  leaves  of  many  dicotyledonous 
trees. 

The  Barton  series  contains  shells  identical  in  species  with 
those  found  so  abundantly  in  the  celebrated  Barton  Cliff, 
on  the  opposite  shore  of  the  Solent. 

The  upper  and  lower  Freshwater  beds  are  admirably 
exhibited  at  Colwell  Bay  and  Headon  Hill,  and  the  upper 
Marine  stage  which  is  intercalated  between  the  upper  and 
lower  Freshwater  beds,  can  be  traced  from  the  point  where 
it  rises  on  the  shore  at  Colwell  Bay,  and  ascends  in  its 
relative  position  in  the  cliff.*  The  beds  at  Alum  Bay  are 
1664  feet  thick,  being  about  311  less  than  those  at  White- 
cliff. 

The  Isle  of  Wight  forms  a  highly  interesting  epitome  of 
the  whole  of  the  formations  existing  in  the  south-east  of 
England,  comprising  the  marine  tertiary  deposit  of  the 
London  basin,  with  freshwater  strata  not  occurring  in  that 
locality,  together  with  the  various  stages  of  the  chalk,  green 
sand,  gault,  lower  green  sand,  and  neocomian,  and  the  lime- 
stones and  sandstones  of  the  wealden. 

THE  PARIS  BASIN. — Having  thus  briefly  described  the 
chief  British  localities  in  which  the  tertiary  strata  are 
developed ;  the  basin  of  the  Clyde  ;  the  crag  of  Norfolk  and 
Suffolk ;  and  the  basins  of  London  and  Hants ;  we  shall  now 
cross  the  Channel  to  inspect  the  more  ample  development 
of  these  formations  on  the  wider  area  of  the  continent  of 
Europe.  It  is  a  singular  fact,  that  the  capitals  of  England, 
France,  and  Austria,  are  built  on  the  tertiary  strata.  The 
Paris  basin  extends  over  a  large  area,  occupying  a  length, 
from  north-east  to  south-west,  of  about  180  miles,  and  a 
breadth,  from  east  to  west,  of  about  90  miles.  This  space 
may  be  described  as  a  depression  in  the  chalk,  which  has 
been  filled  up  by  alternating  groups  of  marine  and  fresh- 
water strata.  The  entire  series  admits  of  the  following 
classification : — 

*  Dr.  Wright  on  tlic  Geology  of  the  Isle  of  Wight. — Annals  of  Nat.  History, 
vol.  vii,  page  87.  -,~  .  :. 
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fa.  Upper  freshwater  limestone  marls,  and  siliceous 
,     jT  T,  millstone. 

'   1  b.   Upper  marine   sands,  or   Fontainbleau  sand- 
[_         stone,  and  sand. 
(a.  Lower    freshwater    limestone    and     marl,     or 

gypseous  series. 
I  b.  Sandstone  and  sands,  with  marine  shells  (Sables 

2.  MIDDLE  EOCENE  .   -{  moyens). 

I  c.  Calcaire  yrossicr, limestone,  with  marine  shells, 
I  d.  Cakaire  siliceux,  hard  freshwater  formation,. 
^  contemporary  with  c. 

fa.  Lower  sands,    with  marine   shelly  beds    (lits 

3.  LOWER  EOCENE    .  1  ^  L^"  ^^    ^.^  j.^  and    pkstic  cky 

(argiles  plastiqiie). 

It  is  assumed  that  an  ancient  gulf  or  depression  of  the 
chalk  -was  filled  by  a  sea  of  later  date,  which,  extending  on 
the  north  to  the  main  ocean,  was  bounded  on  the  south  by 
a  tract  of  land,  the  rivers  of  which  brought  down  and  depo- 
sited in  its  waters  the  spoils  of  the  country  over  which  they 
flowed,  the  remains  of  animals  and  plants,  and  the  shells  of 
the  river  and  the  land,  while  mineral  waters  were  occa- 
sionally mingled  with  those  of  the  sea.  Changes  took  place 
in  the  relative  level  of  land  and  water,  producing  fresh 
accumulations  on  the  older  deposits,  and,  after  extensive 
vicissitudes  of  this  nature  requiring  a  long  period  of  time 
for  their  development,  the  country  rose  to  its  present  eleva- 
tion. 

ORGANIC  REMAINS. — The  gypsum  quarries  of  Montmartre 
had  long  been  known  to  afford  fossil  remains.  Collections 
of  these  objects  had  been  formed,  and  Guettard  had  figured 
and  described  many  of  the  bones  and  teeth.  But  it  was 
reserved  for  the  illustrious  Cuvier  to  complete  the  inves- 
tigations thus  commenced,  and  to  effect  discoveries  whicli 
have  given  a  new  impetus  to  scientific  research.  By  following 
the  principles  which  he  had  previously  applied  with  success 
to  the  investigation  of  fossil  elephants,  he  undertook  the 
task  of  restoring  these  osseous  fragments  to  their  true 
place  in  the  zoological  series.  His  intimate  knowledge  of 
the  laws  of  structure  enabled  him  to  refer  each  bone,  or 
portion  of  a  bone,  to  its  approximate  position  in  the  oste- 
ology of  the  -animal,  till  their  novel  forms,  as  it  were,  lived 
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and  moved  and  had  their  being  before  him.  "  The  essential 
character  of  a  tooth,  and  its  relation  to  the  skull,  being  deter- 
mined, immediately,  all  the  other  elements  of  the  fabric  fell 
into  their  places,  and  the  vertebrae,  ribs,  bones  of  the  legs, 
thighs,  and  feet,  seemed  to  arrange  themselves  even  without 
my  bidding,  and  precisely  in  the  manner  which  'I  had  pre- 
dicted."* 

The  reptiles  and  the  fishes  approach  the  forms  now  living ; 
the  mollusca  and  radiata  are  very  numerous,  amounting  to 
1677  species,  of  which  1478  belong  to  the  Mollusca,  and 
199  to  the  Eadiata.  They  form  a  well-defined  fauna  of 
extinct  species,  a  few  only  of  which  can  be  identified  with 
living  forms.  We  have  already  enumerated  the  prin- 
cipal families  to  which  they  belong,  in  our  chapter  on 
Palaeontology. 

TERTIARY  STRATA  OF  AIX. — Other  groups  of  tertiary 
strata  occur  in  various  parts  of  France.  At  Aix,  in  Provence, 
are  beds  of  marls,  and  freshwater  limestones,  which  have 
been  so  gradually  deposited,  that  even  the  minute  and  fragile 
forms  of  insect  life  are  preserved  therein.  In  other  parts 
of  France  and  Switzerland,  particularly  at  (Eningen,  the 
thinly  laminated  lacustrine  marls  have  retained,  in  like  per- 
fection, objects  of  delicate  and  fragile  structure,  as  insects, 
and  birds,  the  leaves  and  stems  of  plants,  together  with 
Crustacea,  fishes,  tortoises,  salamanders,  and  the  perfect 
skeleton  of  a  fox. 

STRATA  AND  ORGANIC  REMAINS  OF  MONTE  BOLCA. — This 
celebrated  mountain,  situated  near  Verona,  about  fifty  miles 
from  the  lagunes  of  Venice,  has  long  been  classic  ground  to 
the  geologist,  from  the  variety  and  profusion  of  the  fossil 
fishes  entombed  in  its  deposits.  The  strata  are  chiefly 
argillaceous  and  calcareous,  with  intercalations  of  a  cream- 
coloured  fissile  limestone,  which  easily  separates  into  laminae, 
of  moderate  thickness,  containing  several  hundred  species  of 
fishes  in  the  most  beautiful  state  of  preservation ;  the  bones, 
scales,  fins,  and  other  delicate  parts  of  their  structure,  being 
admirably  conserved.  Prom  the  volcanic  character  of  the 
district,  and  the  hill  itself  being  capped  with  basalt,f  it  is 

*  Cuvier.    Ossemens  Fossiles. 
T  Parkinson.    Organic  Remains,  vol.  iii,  p.  247. 
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presumed  that  the  limestone  in  which  they  are  embedded 
was  injected  into  the  ocean,  in  a  fluid  state,  and  that  the 
fishes  were  thus  suddenly  destroyed. 

DORMANT  VOLCANOES  OP  CENTRAL  ERANCE. — "We  now 
arrive  at  the  description  of  one  of  the  most  striking  features 
of  the  history  of  this  period,  the  dormant  volcanoes  of  the 
continent  of  Europe.  Mr.  Poulett  Scrope,  to  whom  we  are 
indebted  for  an  admirable  account*  of  this  interesting  region, 
and  to  whose  excellent  work  we  refer  for  more  ample 
particulars,  remarks  on  the  singularity  of  the  fact,  that  the 
volcanic  phenomena  of  central  Prance,  its  plains  of  lava, 
and  hills  of  scoriae  and  ashes,  which  so  obviously  bespeak 
their  volcanic  origin,  should  have  remained  so  long  un- 
noticed and  unknown ;  and  that,  up  to  the  last  half  century, 
no  one  should  have  thought  of  referring  these  phenomena 
to  the  only  agency  in  nature  capable  of  producing  them. 
This  apparent  blindness,  he  adds,  is,  however,  very  natural, 
and  is  by  no  means  without  example.  The  inhabitants 
of  Herculaneum  and  Pompeii  built  their  houses  with  the 
lava  of  Vesuvius,  ploughed  up  its  scoriae  and  ashes,  and 
gathered  their  chestnuts  from  its  crater,  without  dreaming 
of  their  neighbourhood  to  a  volcano  which  was  to  give  the 
first  notice  of  its  existence  by  burying  them  under  the  pro- 
ducts of  its  eruptions.  The  Catanians  regarded  as  fables  all 
relations  of  the  former  activity  of  Mount  Etna,  until,  in 
1669,  half  their  town  was  overwhelmed  by  one  of  its  lava 
currents. 

The  circumstances  under  which  public  attention  was 
directed  to  these  singular  phenomena,  are  thus  recorded: — 
"  In  the  year  1751,  two  members  of  the  Academy  of  Paris, 
Gruettard  and  Malesherbes,  on  their  return  from  Italy, 
where  they  had  visited  Vesuvius,  and  observed  its  produc- 
tions, passed  through  Montelimart,  a  small  town  on  the 
left  bank  of  the  Rhone,  and  having  walked  out  to  explore 
the  neighbourhood,  the  pavement  of  the  streets  imme- 
diately attracted  their  attention.  It  is  formed  of  short 
articulations  of  basaltic  columns,  planted  perpendicularly  in 
the  ground,  and  resembles,  in  consequence,  those  ancient 
roads  in  the  vicinity  of  Rome,  which  ;are  paved  with 
polygonal  slabs  of  lava.  Upon  inquiry  they  learned  that 

*  Geology  of  Central  France. 
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these  stones  were  brought  from  the  rock  upon  which  the 
castle  of  Bochemaure  is  built,  on  the  opposite  bank  of  the 
Shone,  and  they  were  informed,  moreover,  that  the  moun- 
tains of  the  Vivarais  abounded  with  similar  rocks.  This 
account  determined  the  academicians  to  visit  that  pro- 
vince ;  and  discovering  every  day  fresh  reason  to  believe 
in  the  volcanised  nature  of  the  mountains  they  traversed, 
they  reached,  step  by  step,  the  capital  of  Auvergne.  Here 
all  doubts  on  the  subject  ceased.  The  currents  of  lava, 
in  the  vicinity  of  Clermont,  black  and  rugged  as  those  of 
Vesuvius,  descending  uninterruptedly  from  conical  hills  of 
scoria,  most  of  which  present  a  regular  crater,  convinced 
them  of  the  truth  of  their  conjectures ;  and,  delighted  with 
the  information  thus  acquired,  M.  Guettard,  on  his  return 
to  Paris,  published  an  account  of  the  discovery.  His  state- 
ment, however,  was  heard  with  doubt  by  a  public  little 
prepared  for  scientific  investigation ;  and  a  Professor  of 
Clermont  having  published  an  essay,  in  which  he  declared 
these  appearances  to  be  nothing  more  than  the  remains 
of  forges  and  iron-works,  undertaken  by  the  Romans,  who, 
in  all  half-civilised  countries,  are  considered  to  be  the 
authors  of  everything  extraordinary  or  stupendous,  the 
Professor  gained  more  votaries  than  the  naturalist,  and  the 
assertions  of  the  philosopher  were  received  with  scepticism 
and  distrust.  The  Professor  should,  however,  rather  have 
attributed  these  labours  to  the  G-auls,  the  ancient  inhabi- 
tants of  Auvergne,  who  are  mentioned  by  Caesar  as  having 
possessed  mines,  and  availed  themselves  of  their  skill,  as 
miners,  in  the  defence  of  the  city  of  Avaricum."  * 

The  attention  of  later  observers  having,  however,  been 
drawn  to  this  region,  and  M.  Desmaret  having  published  his 
Memoirs  on  the  origin  of  basalt,  accompanied  with  maps  of 
many  of  the  lava-currents  of  Auvergne,  all  doubts  were,  at 
length,  removed,  and  the  true  character  of  this  singular 
region  was  fully  and  universally  acknowledged. 

The  district  which  is  the  site  of  these  volcanoes,  is  a  vast 
plain,  called  La  Limagne  d' Auvergne,  remarkable  for  its 
fertility,  as  is  the  case  with  all  soils  formed  of  volcanic 
detritus;  it  is  enclosed,  on  the  east  and  west,  by  two  cor- 
responding ranges  of  gneiss  and  granite ;  its  average  breadth 

*  Caesar,  lib.  vii.c.  21. 
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being  twenty  miles,  and  its  length  between  forty  and  fifty. 
The  surface  is  formed  of  pebbles  and  boulders  of  granite 
and  basalt,  reposing  on  limestone ;  the  river  Allier  flows 
through  the  district,  over  beds  of  this  limestone,  or  siliceous 
sandstone,  except  where  it  has  occasionally  excavated  a 
channel  to  the  granitic  foundation-rock.  Hills  composed 
of  calcareous  and  alluvial  deposits,  which  are  scattered  over 
the  district,  are  supposed  to  be  the  relics  of  a  more  ancient 
plain,  once  existing  at  a  higher  elevation  than  the  present, 
some  of  them  being  surmounted  with  basalt,  others  with 
limestone,  which  has  protected  and  preserved  them.  On  the 
western  side  of  the  plain  the  limestone  disappears,  and  a 
plateau  of  granite  rises  1600  feet  above  the  valley  of  Cler- 
mont.  This  mass  of  granite  supports  a  series  of  not  less 
than  seventy  volcanic  cones,  varying  in  height  from  five 
hundred  to  a  thousand  feet,  and  forming  a  range  nearly 
twenty  miles  in  length,  and  two  in  breadth.  The  most 
remarkable  of  these  ancient  vents,  are  the  Puy  de  Come 
and  the  Puy  de  Montgy. 

For  a  description  of  these  in  detail,  as  well  as  of  the 
neighbouring  volcanoes  of  the  Vivarais,  and  the  Cantal,  we 
must  refer  to  Mr.  Scrope'swrork,  and  shall  content  ourselves 
with  calling  attention  to  one  or  two  of  the  most  remarkable 
features  of  this  interesting  district.* 

Among  the  agencies  of  nature,  volcanic  action  is  one  of 
the  most  awful  and  powerful.  A  force  which  melts  up  the 
solid  materials  of  the  earth,  and  ejects  them  as  floods  of 
lava  over  the  surrounding  districts,  which  lays  waste  the 
most  fertile  regions,  overwhelms  the  fairest  cities,  and 
entombs  them  in  its  ashes,  naturally  arrests  our  attention. 
This  tremendous'  power  was  most  extensively  developed  in 
this  region.  "When  we  contemplate  not  a  single  volcanic 
vent,  but  numbers  of  these  comprised  in  a  limited  area,  we 
recognise  the  vast  scale  on  which  this  agency  was  exerted 
during  the  tertiary  period.  Having  thus  briefly  alluded  to 
these  mightier  manifestations  of  creative  power,  we  shall 
now  direct  the  attention  of  the  student  to  some  phenomena 
in  the  same  region  regarded  as  the  most  insignificant. 

There  is  a  little  crustacean  (Ch/pris),  some  species  of  which 

*  Sir  C.  Lyell's  Principles  of  Geology  contains  a  valuable  epitome  of  the 
volcanic  phenomena  of  Auvergne. 
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inhabit  our  ponds  and  ditches.  The  body  of  the  animal  is 
enclosed  in  two  cases,  like  a  mollusc  within  a  bivalve  shell 
(fig.  265),  its  principal  organs  of  motion  con- 
sisting of  antennae,  and  feet,  which  protrude 
from  between  the  valves.  These  shields,  it 
frequently  sheds,  and  we  may  judge  to  what 
an  extent,  and  during  how  long  a  period 
of  time,  these  creatures  continued  to  cast 
their  shells  in  the  waters  of  the  lake,  when 
we  learn  that  beds  of  limestone,  one  hun- 
dred feet  in  thickness,  are  in  an  essential  FIG.  265.^Fossii 

„  ,      *  , ,  .          ft  ,  -I  shell  of  Cypiis, 

degree  formed  ol  the  exuviae  ol  these  crus-     magnified, 
taceans,    which    divide   the  limestone    into 
laminae,  no  thicker  than  the  leaves  of  a  book. 

A  large  and  extinct  species  of  caddis-worm,  which  abounded 
in  the  ancient  lakes  of  Auvergne,  was  accustomed  to  cover 
its  case  with  the  shells  of  a  small  species  of  Paludina.  Yast 
beds  of  the  limestone  of  this  region  termed  indusial  are 
essentially  composed  of  these  remains.  "When,  we  consider 
that  ten  or  twelve  of  these  cases  may  be  packed  within  the 
space  of  a  cubic  inch,  and  that  single  beds  of  this  lime- 
stone may  be  traced  over  an  area  several  miles  in  extent, 
we  may  form  some  idea  of  the  countless  numbers  of  insects 
and  molluscs,  whose  remains  have  contributed  to  form  this 
remarkable  rock,  and  of  the  incalculable  period  of  time 
required  for  its  deposition. 

These  indusial  limestones  form  but  a  portion  of  the  strata 
of  the  district.  The  various  beds  present  an  alternate  series 
of  volcanic  and  lacustrine  deposits,  an  accumulation  of  clays, 
sands,  and  breccias,  beds  of  gypsum,  and  freshwater  lime- 
stone, containing  lacustrine  and  terrestrial  organic  remains, 
with  intrusions  of  lava,  scoriae,  and  basalts,  to  an  extent  so 
enormous  as  to  indicate  no  less  than  six  successive  eras  of 
alternate  activity  and  repose,  each  of  vast  duration,  and 
tending,  in  the  aggregate,  immensely  to  increase  the  geolo- 
gical antiquity  of  these  formations. 

The  beds  of  freshwater  limestone  contain,  in  addition  to 
vegetable  remains,  and  land  and  freshwater  shells,  teeth  and 
bones  of  the  Palaotkerium,  Anoplotherium,  deer,  ox,  martin, 
dog,  &c. ;  whilst  in  the  overlying  deposits  of  sand  and  diluvial 
gravel  are  embedded  the  teeth  and  bones  of  the  elephant, 
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mastodon,  hippopotamus,  rhinoceros,  tapir,  horse,  deer,  ox, 
boar,  hyaena,  bear,  dog,  castor,  cat,  and  hare. 

The  Abbe  Croizet,  some  years  since,  formed  an  extensive 
collection  of  the  fossils  of  this  district,  which  was  pur- 
chased by  the  French  Government ;  and  pursuing  the  same 
researches  he  has  succeeded  in  forming  a  second  assemblage 
of  similar  remains,  which  are  now  in  the  British  Museum. 

EROSIVE  FORCE  or  STREAMS.  —  The  power  of  running 
water  to  erode  solid  rocks,  and  to  produce  valleys  by  their 
currents,  is  most  strikingly  exemplified  throughout  the  whole 
of  this  remarkable  region.  The  erosive  power  of  the  water 
has  been  aided  by  the  proneness  of  the  volcanic  rocks  to 
decomposition.  In  some  instances  beds  of  lava  have  been 
corroded  by  the  water,  which  has  worn  through  a  mass  of 
rock  150  'feet  in  height,  and  formed  a  channel  in  the  granite 
beneath,  since  the  lava  first  flowed  into  the  valley.  In 
another  spot,  a  bed  of  basalt  160  feet  high  has  been  cut 
through  by  a  mountain- stream.  In  the  valley  of  Monpezat, 
the  basalt  has  been  similarly  worn  in  more  than  one  direc- 
tion, by  the  powerful  action  of  the  rivers  whose  channels 
it  had  usurped ;  an  idea  of  its  present  disposition,  and  the 
beautiful  columnar  ranges  discovered  by  this  excavation, 
may  be  formed  from  the  following  sketch,  fig.  266.* 

TERTIARY  STRATA  or  OTHER  KEGIOKS. — Similar  extinct 
volcanoes  exist  in  Hungary,  Spain,  and  other  parts  of 
Europe,  which,  with  the  salt  mines  of  Gallicia,  are  referred 
to  this  epoch.  Tertiary  strata  are  found  in  North  and  South 
America,  in  India  and  Australia,  and  M.  Boue  has  lately 
discovered  a  district  in  Asia  Minor,  in  the  vicinity  of 
Smyrna,  called  the  KaraKCKavpevri,  or  Burnt-up  region,  com- 
prising the  ancient  Sardis  and  Philadelphia,  which  presents 
a  close  resemblance  to  Auvergne.  In  each  country  are 
extensive  lacustrine  formations,  cones  of  scoriae,  with  currents 
of  lava,  and  occasionally  continuous  streams  and  thick  beds 
of  that  substance,  worn  through  by  the  action  of  running- 
water. 

FOSSIL  INFUSORIA. — In  strata  of  this  period  occurs  the 
siliceous  stone  called  Tripoli,  which  is  also  found  at  Biliii 
in  Bohemia.  This  rock  is  almost  entirely  composed  of  the 

*   From  Mr.  Scrope's  Central  France. 
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skeletons  or  cases  of  Infusoria.  A  stratum  twenty-eight 
feet  in  thickness,  interposed  between  the  eocene  and  miocene 
stages  in  North  America,  and  extending  over  a  considerable 


FIG.  266. 


area,  the  city  of  Eichmond,  in  Virginia,  being  built  on  it,  is 
composed  of  fossil  infusoria,  chiefly  of  the  genera  Navicula 
and  Gaillonella.  The  remarkable  composition  of  these  rocks 
tends  strongly  to  confirm  the  supposition  of  the  organic 
origin  of  many  deposits. 

We  have  thus  brought  to  a  close  our  remarks  on  this 
instructive  period  of  the  earth's  history.  Our  observations, 
however  incomplete,  when  compared  with  the  magnitude 
of  the  subject,  are  more  in  detail  than  our  limits  will 
permit  us  to  devote  to  the  other  formations,  as  many  of  the 
phenomena  observable  in  the  tertiary  are  repeated  in  the 
older  rocks ;  the  explanation  of  these,  in  the  first  instance, 
will  obviate  the  necessity  of  their  repetition  in  succeeding 
chapters. 

The  deposition  of  the  tertiary  strata  in  depressions  of  the 
chalk  is  demonstrated  by  the  basins  of  London,  Hampshire, 
and  Paris;  the  changes  in  the  level  of  land  and  sea  are 
proved  by  the  alternations  of  fresh- water  and  marine  strata': 
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the  existence  of  extensive  lakes  is  shown  by  the  lacustrine 
formations  of  our  southern  coast  and  the  continent  of 
Europe :  the  development  of  volcanic  agency  is  evident  from 
the  structure  and  physical  geography  of  Auvergne ;  while 
a  change  of  climate  is  evinced  by  the  appearance  of 
crocodiles  and  chelonians  like  those  of  the  modern  epoch, 
the  creation  of  mammalia,  and  the  approximation  of  the 
genera  of  shells  to  living  forms ;  the  gradual  introduction  of 
existing  plants,  and  the  more  European  character  of  the 
fauna  and  flora  of  the  tertiary  when  compared  with  those 
of  the  secondary  epoch. 


EXEECISES 

ON   THE    TERTIARY    SYSTEM    OF   DEPOSITS. 

1.  Explain  the  meaning  of  the  term  tertiary. 

2.  Describe  the  geographical  distribution  of  the  strata 
appertaining  to  these  formations. 

3.  Name  the  chief  authors  and  the  principal  collections  of 
organic  remains. 

4.  Describe  the  characteristic  features  of  these  deposits. 

5.  Repeat  the  classification  proposed  by  Sir  C.  Lyell,  the 
names  of  the  divisions,  and  the  relative  proportions  of  shells 
identical  with  existing  forms  which  determine  them. 

6.  Name  the  most  important  localities  of  these  beds  in 
this  country. 

7.  Mention  the  principal  characteristic  shells  of  the  crag, 
and  London  basin. 

8.  Describe  the  basin  of  Paris,  its  extent,  and  distinctive 
organic  remains. 

9.  Name  the  chief  features  of  the  geology  of  Auvergne, 
its  physical  geography,  alternation  of  deposits,  fossil  remains, 
and  the  changes  and  revolutions  inferred  from  its  varied 
phenomena. 

10.  Mention  the  other  deposits  of  this  group  occurring  in 
Prance. 

11.  Name  the  fossil  remains  of  Monte  Bolca. 

12.  Name  the  localities  in  which  similar  phenomena  are 
observed  in  Europe. 

13.  Mention  the  latest  discoveries  made  with  reference  to 
this  period  of  the  earth's  history  in  other  regions. 
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THE  CRETACEOUS   GROUP. 

Chalk,  Craie  of  French  ;  Kreide  of  German  Authors  ;  Chalk-Marl,  English  ; 
Craie-Tufau,  French  ;  Kreide-Mergel,  German  ;  Greensand,  English  : 
Glauconie-Crayeuse-Sableuse,  French  J  Chloritische  Kreide,  Griinsand, 
German. 

MUSEUMS  :  —  Geological  Society,  Collection  of  Dr.  Mantell  in  the  British 
Museum  ;  that  of  Mr.  Bowerbank,  Mr.  Saul,  Mr.  Dixon,  of  Worthing, 
Mr.  Purdue,  and  many  Private  Collections  in  the  Southern  and  Eastern 
Counties,  Yorkshire,  &c.  &c. 

AUTHORS  :  —  Lyell,  Mantell,  Dixon,  Fitton,  Phillips,  Woodward,  Boblaye, 
Virlet,  D'Orbigny,  Roemer,  Reuss. 

CHARACTERISTICS  :  —  First  of  the  Secondary  Formations  ;  Marine;  the  Bed  of 
an  Ancient  Sea,  Containing  Marine  Plants,  Corals,  Shells,  Fishes  and 
Reptiles. 

THE  chalk  constitutes  the  boundary  of  the  secondary  rocks; 
it  formed  the  bed  of  a  primeval  ocean,  of  great  extent,  whose 
spoils  have  largely  contributed  to  the  formation  of  our 
existing  islands  and  continents. 

SUBDIVISION.  —  The  following  Table  exhibits  the  different 
stages  of  this  period  and  their  foreign  equivalents  :  — 

English  Authors.       French  Authors.  Eoemer.  D'Orbigny. 

I  Chalk    \vith"l  -,    .  „,         „    .,  T,,         ^     . 

„  .   .  >  Craie.  Obere  Kreide.  L  etage  Uamen. 

flints.         J 
C""}  Un,ereKreide.         „    Senonieo. 

Chalk  marl.  Craie  Tufau.        Planer.  „     Turonien. 


*:   f     ^and2™  *"  I  Glauconie  Crayeuse.  Grunsand.  „     Cenomanien. 

|  -{  Gault.  Gait.  „     Albien. 

j  >•  Glauconie  Sableuse.  Quader.  „  r  Aptien. 

Hilsconglomei-at.  „  I  Neocomicn. 
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The  white  chalk  is  nearly  a  pure  carbonate  of  lime,  and 
contains,  in  some  localities,  an  immense  profusion  of  micros- 
copic shells  and  the  debris  of  radiated  animals ;  it  is  divided 
into  flinty  chalk  and  chalk  without  flints.  These  siliceous 
nodules  indicate  the  plane  of  stratification  of  the  beds.  In 
some  parts  of  Yorkshire  the  lower  chalk  contains  flints, 
and  the  same  fact  is  observed  in  the  lower  chalk  at  Havre : 
the  chalk  marl  consists  of  a  greyish,  earthy,  marly  chalk, 
sometimes  indurated. 

The  upper  greensand,  in  some  localities,  as  at  Black  Down, 
consists  of  a  sharp  siliceous  sand ;  in  others,  of  a  marly  cal- 
careous sand,  with  green  grains  and  mica;  the  celebrated 
firestone  of  Mertsham  is  of  this  character,  and  it  presents 
similar  lithological  features  in  the  Isle  of  Wight ;  the  gault 
is  a  dark  blue  tenacious  clay,  with  indurated  concretions; 
in  some  localities,  as  at  Folkestone,  the  nacreous  layer  of 
•f  >  its  fossil  shells  is  beautifully  preserved.  The  lower  green- 
sand  consists  of  an  alternation  of  ferruginous  sands,  interca- 
lated with  beds  of  clay  and  clayey  sand,  sometimes  containing 
bands  of  limestone  and  regular  seams  of  chert ;  it  attains,  in 
the  Isle  of  Wight,  a  thickness  of  808  feet,  and  is  divided 
into  three  subdivisions  by  Dr.  Fitton :  our  table  shows  that 
the  lower  greensand  is  the  equivalent  of  the  "Terrain 
Neocomien"  of  the  French  geologists,  MM.  Cornuel  and 
Leymerie,  which  is  largely  developed  in  various  parts  of  the 
Continent,  especially  near  Neufchatel.*  It  was  supposed 
that  this  system  formed  the  marine  equivalent  of  the 
wealden,  but  subsequent  researches  have  shown  that  the 
opinion  is  incorrect.  The  neocomian  fossils  belong  to  the 
same  era,  and  many  of  the  species  are  identical  with  those 
of  the  lower  greensand.  Beds  of  this  character,  containing 
similar  shells,  occur  in  Surrey  and  Kent,  and  at  Atherfield, 
in  the  Isle  of  Wight ;  as  these  unquestionably  belong  to  the 
lower  greensand,  it  results  that  the  hypothesis  which  would 
place  these  rocks,  as  they  exist  on  the  Continent,  as  the 
equivalent  of  the  wealden  formation,  must  be  abandoned;  in 
all  probability  the  neocomian  strata  will  be  found  to  be  a 
larger  development  of  a  portion  of  our  lower  greensand 
group. 

The  fossils  of  the  cretaceous  system  consist  of  marine 

*  From  whence  the  term  Neocomien  is  derived. 
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plants,  sponges,  corals,  echinoderms,  belemnites,  ammonites, 
nautilites,  fishes,   reptiles,  and  other 
marine   exuviae,    with   occasional    in- 
stances  of  wood   and  plants  drifted 
from  the  land,  the   whole  presenting 
forms  of  life  specifically  distinct  from 
those  occurring  in  the  overlying  beds ; 
110  species  discovered  in  the  chalk  being 
identical   with  t?iose   of  the  tertiary 
deposits.      They  form  the   spoils   of   g 
a    primeval    sea,    which    rivalled    in    g 
extent    the    mighty    oceans    of    the    ^ 
southern   hemisphere   at  the  present    £ 
day ;  as  the  chalk  group  extends  over    £• 
portions  of  the  British  islands,  various    f 
parts  of  France,  Germany,  Denmark,    |' 
Sweden,  Russia,  and  North  America,      g1 

This  ideal  section  (fig.  267)  from  3 
London  to  the  Isle  of  Wight,  shows  g 
the  relative  position  of  the  tertiary  g 
cretaceous  and  wealden  groups,  with  g- 
the  axis  of  elevation  and  subsidence  {? 
observed  in  the  region  through  which  g2 
the  line  of  the  section  is  supposed  to  | 
pass.  § 

On  the  coast  of  Dorset,  and  in  the  £ 
Isle  of  Wight,  the  chalk  strata  are  !• 
sometimes  vertical;  the  line  of  dis-  £ 
turbance  which  upheaved  the  tertiary  « 
beds  of  Whitecliff  and  Alum  bays  pro-  £ 
duced  this  position  of  the  chalk  rocks.  2, 

It  was  long  ago  observed  by  Sir  H.    51 
Englefield,  that  the  flints  in  the  ver-  1: 
tical  beds   of  chalk  are  all  fractured 
and  fall  to  pieces  when  taken  out  of 
their  matrix ;  proving  the  suddenness 
of  the  convulsion  which  shattered  them. 
The  beautiful    section    (fig.  268)    of 
Sallard  Head  shows  the  junction  of 
vertical  and  contorted  chalk  strata. 

ORIGIN  OF  THE  CHALK  AND   FLINT.— The  idea  which 
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prevailed,  up  to  a  very  recent  period,   as  to  the  origin  of 
chalk  and  flint  was  this:— It  was  supposed  that  thermal 


FIG.  268  —Junction  of  vertical  and  contorted  Chalk  Strata  at  Ballard  Head,  Dorset- 
shire. The  cliff  is  352  feet  high ;  the  down,  584  feet. 

waters,  charged  with  calcareous  and  siliceous  matter,  were 
poured  into  the  ocean,  and  that,  on  mingling  with  the  colder 
element,  the  calcareous  and  siliceous  substances  were  pre- 
cipitated in  a  solid  state,  and,  separating  by  the  laws  of 
chemical  affinity,  deposited  the  chalk  and  flint. 

Many  distinguished  observers,  however,  had  ascribed  these 
substances  to  a  different  cause.  A  century  ago,  Linnaeus 
declared  his  conviction  that  calcareous  strata  were  of  animal 
origin,  and  the  recent  observations  of  microscopic  observers 
have  tended  to  confirm  the  opinion  of  this  great  naturalist. 
Chalk,  when  reduced  to  powder,  and  appearing  like  mere 
grains  of  dust  to  the  eye,  consists,  in  fact,  of  well-preserved 
fossils  of  the  beautiful  forms  depicted  in  figures  186  and  187 ; 
but  these  specimens  are  really  gigantic,  when  compared  with 
the  smaller  extinct  forms  of  life  which  are  contained  within 
them ;  the  chambers  of  these  foraminifera  being  filled  with 
thousands  of  well-preserved  infusoria,  whose  skeletons 
abound  in  the  cretaceous  rocks.  "We  have  only  to  brush  a 
piece  of  chalk  in  water,  dry  the  particles  thus  obtained,  and 
examine  the  residuum  with  the  microscope,  and  we  shall 
find  it  consisting  of  minute  shells,  corals,  or  portions  of 
these. 

As  many  other  rocks  are  found  on  microscopic  examina- 
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tion  to  present  similar  appearances,  it  is  considered  that  not 
only  is  the  chalk  of  organic  origin,  but  that  a  large  pro- 
portion of  the  sedimentary  strata  are  derived  from  the  same 
source,  and  have  passed  through  the  great  laboratory  of  life. 
This  opinion  of  the  vital  origin  of  calcareous  strata  derives 
considerable  confirmation  from  the  operations  of  nature. 
Not  only  is  it  found  that  the  coral  polyp  is  rearing  reefs  and 
islands  from  the  bosom  of  the  deep,  and  uniting  them  into 
continents ;  but  on  the  shores  of  many  of  the  West  India 
Islands,  especially  the  Bermudas,  it  is  observed,  that  on  the 
coral  formations  being  exposed  to  the  abrading  power  of  the 
waves,  the  sea  becomes  loaded  with  calcareous  matter,  a  con- 
siderable portion  of  which  is  drifted  to  the  shores  in  the 
state  of  fine  sand,  which,  being  wafted  inland  by  the  winds, 
becomes  consolidated  by  the  percolation  of  water,  and  the 
infiltration  of  carbonate  of  lime  in  solution  ;  so  that  a  white- 
calcareous  stone  is  formed,  of  various  degrees  of  hardness, 
from  a  coarse  friable  limestone,  to  the  compact  rock  em- 
ployed in  constructing  the  fortifications  of  the  island. 

Lieutenant  Nelson*  states  that  the  whole  of  these  islands, 
comprising  a  hundred  and  fifty  in  number,  may  be  called 
organic  formations,  as  they  present  one  mass  of  animal 
remains,  in  various  stages  of  disintegration.  Prom  the  most 
compact  rock  to  the  loose  sand  of  the  shore,  the  materials 
are  fragments  of  shells,  corals,  &c.  He  therefore  ascribes 
the  Bermuda  chalk  to  animal  origin,  and  suggests  the 
extreme  probability,  that  the  chalk'  of  Europe  was  produced 
by  similar  causes.  The  skeletons  of  Guadaloupe  have  been 
mentioned  as  being  embedded  in  a  limestone  rock  of  the 
same  modern  character ;  and  it  is  impossible  to  conceive  a. 
more  perfect  analogy  than  is  here  presented,  between  the 
operations  of  nature  at  the  present  moment,  and  those 
exhibited  in  the  primeval  eras  of  the  earth's  history.  A  series 
of  microscopic  observations,  has  shown  that  both  the  ^tabular- 
and  nodular  masses  of  chalk  flints  are  due  to  the  presence 
of  sponges,  and  that  the  flints  which  fill  up  the  cavities  of 
shells  and  urchins  are  probably  owing  to  a  similar  cause. 

FOSSILS  OF  THE  CHALK. — These  are  extremely  numerous, 

*  Memoir  on  the  Geological  Formation  of  the  Bermudas. — Transactions  of 
the  Geological  Society,  vol.v.  p.  115. 
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and  are  entirely  marine,  consisting  of  sponges,  corals,  eehino- 
derms,  shells,  Crustacea,  fishes,  and "  reptiles.  Flints  are 
so  constantly  associated  with  organic  substances  that  it  is 
scarcely  possible  to  meet  with  one  which  does  not  contain 
a  sponge,  urchin,  or  shell,  or  the  impression  of  one  or  more 
of  these  organisms.  The  choanite,  which  forms  the  nucleus 
of  many  flints,  and  produces  the  beautiful  markings  011  the 
cut  surfaces  of  polished  pebbles,  is  a  common  zoophyte  of 
the  white  chalk. 

The  Echinodermata  were  extremely  abundant  in  the 
cretaceous  seas.  The  genera,  Marsupites,  Anancliytcs,  Spa- 
tanffus,  JSchinus,  Micraster,  Ci/pJiosoma,  Salenia,  and  Cidaris 
greatly  prevailed.  Figures  of  the  most  common  forms  of 
this  sub-kingdom  have  been  described  and  figured  in  our 
Chapter  on  Paleontology.  See  figs.  157,  158,  161. 

SHELLS  or  THE  CHALK. — The  accompanying  figures 
represent  several  of  the  most  common  cretaceous  fossil 
shells : — 


FIG.  269. — 1.  Belemnites  Listeri.    2.  Terebratula  carnea.    3.  Lima  spinosa. 
4.  Inoceramus  Cuvieri. 


Of  the  above,  the  Inoceramus  is  of  a  thin,  fibrous 
structure ;  the  Lima  spinosa  is  very  characteristic  of  the 
upper  chalk ;  the  Terebratula  is  a  well-known  fossil,  which, 
originating  in  the  earliest  formations,  and  being  profusely 
distributed  through  the  succeeding  stages,  has  dwindled 
down  to  a  few  species  at  the  present  day;  the  Belemnite 
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has  been  discovered  in  the  oolite's,  with  the  external  sheath, 
the  conical-chambered  shell,  the  ink-bag,  and  the  bone ;  the 
ink,  though  fossilised,  retaining  its  pigmentary  property. 

The  following  figure  (270)  represents  several  of  the  most 
characteristic  fossil  shells  which  are  special  to  the  beds 
that  underlie  the  white  chalk, — the  marl,  the  gault,  and 
the  upper  greensand : — 


FIG.  270.— 1.  Tnrrilites  costatus  (Chalk  Marl).  2.  Scaphites  striatus  (C.  Marl). 
3.  Karaites  (C.  Marl).  4.  Inoceraraus  sulcatus  (Gault).  5.  Ostrea  carinata 
(Greensand).  6.  Inoceramus  concentricus. 

Dr.  Fitton  has  published  *  an  admirable  memoir  on  the 
Lower  Greensand  or  neocomian  strata  of  Atherfield.  The 
beds,  808  feet  in  thickness,  contain  160  species  of  fossils, 
the  range  and  distribution  of  which  the  author  has  exhibited 
in  a  tabular  form ;  it  is  impossible  to  employ  terms  of  com- 
mendation too  high,  in  referring  to  this  valuable  memoir, 
which,  for  clearness  and  accuracy,  is  a  model  for  all  geo- 
logists: we  give  from  Dr.  Mantell's  "Isle  of  Wight"  the 
annexed  plates  of  the  most  characteristic  shells  of  the  lower 
greensand,  or  neocomian  strata. 

*  Geological  Journal,  vol.  tii.,  p.  289. 
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DESCRIPTION  OF  FIG.  271. 

1.  Corbis  corrugata,  from  the  sand-rock,  Atlierfield :  the  figure  is  one-half  the  size  in 

linear  dimensions  of  the  original. 
'2.  Trigonia  caudata.  from  the  sand-rock,  Atlierfield. 

3.  Gervillia  anceps,  from  the  Cracker  Rocks,  Atlierfield ;  a,  denotes  the  markings  of 

the  hinge,  which  are  seen  in  consequence  of  the  valves  being  slightly  displaced. 
It  is  represented  half  the  size  linear  of  the  original.  These  shells  are  often 
much  larger,  and  more  elongated  than  in  the  figure. 

4.  Venus  striato-costata ;  a  small  shell,  common  in  the  Cracker  Rocks  at  Atherfield 

the  figure  is  twice  the  size  of  the  original  in  linear  dimensions. 
6.  Area  Raulini,  from  the  sand-rock,  Atherfield. 

6.  Perna  Mulleti,  from  the  lower  beds  of  sand  in  conjunction  with  the  wealden, 

Sandown  Bay ;  the  figure  is  but  half  the  size  of  the  original :  a,  the  structure 
of  the  hinge;  by  comparing  this  figure  with  a,  No.  3,  the  difference  of  the  hinge 
in  the  genera' Perna  and  Gervillia  will  be  recognised.  This  large  and 
remarkable  shell  is  highly  characteristic  of  the  lower  beds  of  the  greensand. 

7.  Venus  parva,  from  Shanklin  Cliff. 


DESCRIPTION   OF  FIG.  272 

1.  Thetis  minor,  from  the  ferruginous  sand-rock  at  the  base  of  Shanklin  Cliff. 

2.  Another  view  of  the  same,  to  show  the  beaks  and  hinge-line. 

3.  Gryphea  sinuata,  represented  one-fourth  the  natural  size ;  it  is  often  found  much 

larger.    From  the  greensand  at  Shanklin,  Ventnor.  Sandown,  &c. 

4.  Tornatella  albensis,  from  the  Cracker  Rocks,  Atherfield. 

5.  Terebralula  sella ;  an  abundant  shell  in  the  sand  at  Atherfield. 

6.  Nucula  scapha,  from  the  sand-rock,  Atherfield. 

The  three  following  shells  are  embedded  in  a  fragment  of  the  Cracker  Rock,  from 
Atherfitld. 

7.  Natica  rotundata. 

8.  Pterocera  retusa. 

9.  Rostellaria  Robinaldini. 

10.  Cerithium  turriculatum,  from  Atherfield. 

11.  Ancyloceras  gigas,  from  Atherfield.    The  figure  is  but  one-third  the  size,  linear,  of 

the  original. 

This  fossil  is  often  found  two  feet  in  length,  associated  with  Ammonites  equally 
gigantic. 


PISHES  OF  THE  CHALK. — The  most  interesting  remains, 
exhumed  from  the  Sussex  chalk,  consist  of  numerous  admi- 
rably preserved  fishes,  which  have  furnished  subjects  for  a 
portion  of  the  work  of  Professor  Agassiz.*  We  select  Osme- 
roides  Mdntellii,  as  an  illustration  (fig.  273.)  : 

*  The  following  is  the  eulogy  of  Agassiz  on  this  highly  interesting  collec- 
tion : — "  Tout  le  monde  sait  que  le  Musee  de  M.  le  Dr.  Mantell  est  une 
collection  classique  pour  la  craie  et  la  formation  Veldienne.  Les  soins  minu- 
tieux  que  M.  Mantell  a  donne,  depuis  bien  des  annees,  a  ces  fossiles,  les  ont 
rendus  plus  parfaits  que  tons  ceux  des  autres  musees;  car,  souvent  il  est 
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FIG.  271.— FOSSIL  SHELLS  FROM  THE  GKEENSAND  STBATA  OF  THE  ISLE  OF  WIGHT. 
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FIG.  272.— FOSSIL  SHELLS  FROM  THE  GRF.ENSAXD  STRATA  OF  THE  ISLE  or 


SPECIAL    GEOLOGY.  389 

The  fish  here  depicted  has  the  mouth  open,  the  gills  and 
the  fins  extended,  while  the  body  is  uncompressed ;  from 
which  it  is  inferred  that  the  creature  must  have  been  living, 
moving,  and  breathing,  when  it  was  surrounded  by  the  chalk. 


FIG.  273.— Osmeroides  Muntellii. 

THE  MOSASAURUS. — The  chalk  of  Kent  and  Sussex  have 
likewise  afforded  teeth,  a  jaw,  and  vertebra,  of  the  mosa- 
saurus,  or  lizard  of  the  Meuse,  a  reptile  which,  excited  very 
considerable  interest  at  the  period  of  its  discovery.  It  was 
a  marine  saurian,  intermediate  between  the  monitor  and 
iguana;  it  is  supposed  to  have  been  twenty-five  feet  in 
length,  and  to  have  possessed  a  tail,  which  became  flat,  like 
an  oar,  at  some  distance  from  the  body,  and  formed  a 
powerful  instrument  of  propulsion-. 

In  the  greensand  of  the  vicinity  of  Hythe,  the  remains  of 
a  reptile  of  colossal  size  have  been  discovered,  which,  from 
the  teeth  exhibiting  peculiar  fold-like  markings,  has  been 
described  under  the  name  of  the  PotyptycJiodon* 

parvenu  a  les  detacher,  entitlement,  de  la  roche  dans  laquelle  ils  se  trouvaient; 
ou  du  moins,  a  les  produire  en  relief,  en  detachant  toutes  les  matieres  solidcs 
qui  recouvraient  les  parties  les  mieux  conservees  de  1'anicnal." 

The  late  F.  Dixon,  Esq.,  of  Worthing,  has  formed  a  splendid  collection  of 
the  fossils  of  the  chalk,  comprising  many  rare  and  unique  specimens,  among 
which  are  examples  of  the  Hijtpurites  and  Sphcerulites,  which,  though  not 
unfrequent  in  the  cretaceous  rocks  of  the  Pyrenees  and  other  parts  of  the  Con- 
tinent, are  most  rare  in  the  English  chalk.  These  form  the  subject  of  his 
beautiful  monograph  on  the  Geology  and  Fossils  of  the  Tertiary  and  Creta- 
ceous Formations  of  Sussex. 

*  Now  in  the  British  Museum.  See  Proceedings  of  the  Geological 
Society,  part  iii.,  p.  449. 
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DENUDATION  OP  THE  CHALK. — This  brief  account  of  the 
cretaceous  deposits  may  be  appropriately  closed  by  a  few  re- 
marks on  the  denudation  of  the  chalk ;  that  is,  its  removal 
from  the  valleys  of  the  weald,  which  lie  between  the  North 
and  South  Downs.  The  former  present  a  range  of  chalk 
hills,  which  have  a  steep  escarpment  towards  the  south, 
and  extend  from  Grodahning,  through  Godstone,  into  Kent, 
terminating  in  the  cliffs  of  Dover.  The  latter  have  a  cor- 
responding escarpment  towards  the  north,  and  form  the 
promontory  of  Beachy  Head,  traverse  the  county  of  Sussex 
east  and  west,  and  pass  by  Hampshire  into  Surrey. 

At  the  base  of  these  escarpments,  the  upper  greensand 
and  the  gault  are  found  resting  on  the  valleys  of  the  weald. 
The  proofs  of  the  denudation  of  the  chalk,  consist  in  the 
appearance  of  the  strata  in  these  escarpments.  They  termi- 
nate abruptly,  and,  it  is  evident,  must  once  have  extended 
much  further,  since  they  offer  precisely  such  appearances 
as  would  be  presented  by  the  cutting  of  strata  which  were 
previously  continuous.  Proofs  no  less  conclusive  are  afforded 
by  the  conformation  of  the  wealden  beds  themselves:  the 
forest-ridge,  which  traverses  the  district  in  a  direction  nearly 
east  and  west,  presents  a  perfect  anticlinal  axis  (fig.  267), 
from  which  the  strata  diverge  on  each  side  towards  the  chalk 
downs,  affording  the  most  convincing  proof  of  the  elevation 
of  the  wealden,  and  the  subsequent  removal  of  the  chalk" 
and  other  beds,  which  may  have  been  deposited  upon  them. 
It  is  conjectured,  that  the  tertiary  strata  once  extended  over 
the  chalk  which  reposed  on  the  wealden,  and  covered  the 
whole  area  of  the  south-east  of  England.  This  suppo- 
sition receives  some  confirmation  from  the  outliers  of  the 
tertiary  beds,  occurring  at  Castle  Hill,  Newhaven,  and 
near  Seaford. 

In  reviewing  the  characters  of  the  cretaceous  group,  we 
have  evidence  that  these  varied  strata  are  the  mineralised 
bed  of  an  extensive  ocean,  which  abounded  in  the  usual 
forms  of  marine  organic  life,  as  algse,  sponges,  corals,  shells, 
Crustacea,  fishes,  and  reptiles.  These  forms  are  all  speci- 
fically distinct  from  those  which  are  discovered  in  the  tertiary 
strata :  in  many  instances,  the  genus — in  all,  the  species — 
became  extinct  with  the  close  of  the  cretaceous  period.  It 
affords  a  striking  illustration  of  creative  power,  that  of  the 
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hundreds  of  species  which  composed  the  Fauna  and  the 
Flora  of  the  cretaceous  group,  not  one  species  passed  into 
the  succeeding  epoch. 


EXEECISES 

ON   THE    CHALK   FOBMATIOtf. 

1.  Describe  the  geographical  distribution  of  the  chalk. 

2.  State  the  distinctive  features  of  this  formation. 

3.  Enumerate  the  separate  divisions  of  these  strata  in  this 
country,  and  the  mineral  character,  distinguishing  features, 
and  general  characteristics  of  each. 

4.  State  the  opinions  heretofore  entertained  of  the  origin 
of  chalk  and  flint. 

5.  Explain  those  of  later  observers. 

6.  Describe  the  physical  geography  of  the  formation,  and 
point  out  the  area  of  the  denudation  of  the  chalk. 

7.  Name  the  remarkable  fossil  remains  discovered  in  this 
formation. 


CHAPTER  XIII . 


THE  WEALDEN  GROUP. 

Wealden  formation  of  English ;  Formation  Vcldicnnc  of  French  ;  Walder- 
thongebilde  of  the  German  Authors. 

MUSEUMS  : — The  Mantellian  Collection,  now  in  the  British  Museum  ;  those 
of  the  Marchioness  of  Hastings ;  Mr.  Holmes,  of  Horsham ;  Mr. 
Bowerhank,  Mr.  Saull,  and  some  private  Cabinets  in  Sussex. 

AUTHORS : — Mantell,  Fitton, Murchison,  Martin,  Hopkins,  Dunker. and  Meyer. 

CHARACTERISTICS  : — The  Fluviatile  Character  of  its  Fossil  Remains  being 
the  Spoils  of  the  River  and  the  Land. 

English  Authors.  French  Authors.  German  Authors. 

J.  Weald  Clay.  Argile  Veldienne.  WSlderthon. 

2.  Hastings  Sands.  Sable  ferrugineux.  Hastingssandsteine. 

3.  Ashburnham  Beds.  1  Calcaire  Lumachelle.  Ashburnham  Schichten. 

4.  PurbeckBeds.          J  Purbeckien. 

THERE  is  one  feature  which  serves  to  identify  this  group, 
and  invests  it  with  peculiar  interest.  It  is  a  fresh-water 
deposit,  the  only  one  of  that  character,  with  the  exception 
of  the  coal,  which  exists  in  the  vast  range  of  the  secondary 
rocks,  and  affording,  with  it,  almost  the  only  evidence  we 
possess  of  the  existence  of  the  ancient  land ;  its  organic 
remains  consisting  of  fluviatile  plants,  shells,  fishes,  and 
reptiles. 

FORMER  OPINION  or  THESE  DEPOSITS. — The  strata  which 
we  are  about  to  describe,  are  most  fully  developed  between 
the  North  and  South  Downs,  forming  the  district  de- 
nominated the  weald ;  from  Wald,  a  wood,  the  whole  tract 
having  at  a  former  period  been  occupied  by  extensive 
forests.  In  consequence  of  being  exposed  between  two 
ranges  of  chalk-hills,  the  wealden  was  formerly  regarded  as 
appertaining  to  that  group,  and,  from  being  chiefly  com- 
posed of  clays,  sands,  and  sandstones,  was  believed  to 
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belong  to  the  lower  greensaiid  formation.  At  a  very 
early  period  of  his  researches,  Dr.  Mantell  observed  that 
the  fossils  collected  from  these  deposits  were  wholly  of 
a  fluviatile  character.  Instead  of  the  sea-weeds,  sponges, 
corals,  shells,  and  the  other  marine  exuviae  found  in  the 
chalk,  he  discovered  the  leaves,  branches,  and  stems  of 
plants,  with  bones  of  reptiles,  and  fresh-water  shells.  The 
stems  were  deprived  of  their  branches,  the  branches 
were  denuded  of  their  leaves,  while  the  animal  remains 
bore  similar  proofs  of  maceration  and  transport,  arising 
from  fluviatile  action.  Pursuing  these  inquiries,  Dr. 
Mantell  determined  the  true  character  of  the  strata,  and 
established  the  fact,  that  instead  of  being  of  marine,  they 
were  of  fresh-water  origin,  and,  from  the  evidence  of 
drift,  arrived  at  the  conclusion  that  this  district  formed 
the  delta  of  an  ancient  river  where  it  poured  its  waters 
into  the  sea. 

The  evidence  of  so  unexpected  a  fact  as  the  intercalation 
of  a  great  fresh-water  formation  between  the  chalk  and  the 
oolites  was,  at  first,  received  with  much  doubt  ;  but  subse- 
quent investigations  proved  the  correctness  of  the  original 
observations.  The  relative  position  of  the  beds  in  the  Isle 
of  Wight  especially  is  unequivocal.  The  lower  greensand  is 
seen  reposing  conformably  on  the  wealden.  At  their  junc- 
tion near  Atherfield  Point,  we  have  removed  a  mass  of  rock 
about  a  foot  in  thickness,  the  upper,  half  of  which  contained 
in  situ  the  marine  shells  of  the  lower  greensand,  whilst  in 
the  lower  half  of  the  same  we  found  the  fluviatile  shells  of 
the  wealden.  In  the  Vale  of  Wardour,  the  Purbeck  beds 
are  seen  reposing  conformably  on  the  upper  stages  of  the 
oolites. 

The  following  subdivisions,  from  Dr.  Mantell'  s  Greology 
of  the  S.E.  of  England,  exhibit  the  wealden  stages  of  Kent 
and  Sussex  :  — 

1.  WEALD  CLAY,  average  thickness  140  to  200  feet. 
Character.  Fossils.  Localities. 

Stiff    Clav,     of    various'i   ,,  ,    ,.       ^      .    ~          f  The  Wealds  of  Sussex, 
shades,    of   blue    and       PJudma  Cypns  Cyre- 


brown  ,    with  subordi-    .  *«         the  ™Ie 


nate  beds  of  limestone,  ,  T.        fm^i.  tween  the  Downs  and 

sand,  and  Stplaria.         J        and  Bones  °f  *  lshe8'    L      the  Forest  Ridge. 
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2.  HASTINGS  SANDS,  average  thickness  400  to  500  feet. 
A.  Horsted  Sand. 


Grey,  white,  ferruginous, 
and  fawn-coloured 
sands,  and  friable  sand- 
stone, with  small  por- 
tions of  lignite. 


Traces    of    caibonised 
Vegetables. 


f  Little  Horsted,  Uck- 
field,  Framfield,Bex- 

-!  hill,Chailey,Fletch- 
ing,  Bridge  Park, 


B.  Strata  of  Tilgate  Forest. 

Sand  and  friable  sandstone 
of  various  shades,  of 
green,  yellow,  and  fer- 
ruginous. 

Tilgate  stone,  fine,  com- 
pact, bluish  or  greenish 
grey  Grit,  in  lenticular 
masses ;  surface  often 
covered  with  mammil- 
lary  concretions;  lower 
beds  frequently  conglo- 
m  critic,  and  containing 
quartz  pebbles. 

Clay  or  marl,  of  a  bluish  ~1    r»  , 

grey  colour,  alternating   I    B°"eS  and 

0    ^       Ferns,  and  stems 

Vegetables. 


Ferns,  stems  of  Vege- 
tables, bones  of  Sau- 
rian Reptiles,  Birds, 
Turtles,  Fishes,  and 
Sbells  of  the  genera 
Unio,  Cyclas,  Cyre- 
na,  Paludina. 


TunbridgeWells,&c. 


Loxwood,  Horsham, 
Tilgate,  and  St. 
Leonard's  Forests ; 
Chailey,  Hastings, 
Rye,  Winchelsea. 


with    sand,   sandstone,    [ 
and  shale.  J 


White  and  yellow  friable 
sandstone  and  sand. 


A  series  of  highly-ferru- 
ginous sands,  alternat- 
ing with  clay  and  shale. 

Shelly  limestone,  alter- 
nating with  sandstone, 
shale,  and  marl,  and 
concretional  masses  of 
grit. 


Tunbridge  Wells. 


Worth,  St.   Clement's 
Cave,  Hastings,  &c. 


C.  Worth  Sandstone. 

"1    Ferns,      Arundinacesc,  "I 
J        and  Lignite.  J 

3.    ASIIBURNHAM   BEDS. 

{Hastings  Cliffs,  near 
Buxted,  West  Hoth- 
ley,  Crawley,  &c. 

Cypris,  shells   of  the-1  Archers  Wood)Pounce. 

genera   Cyclas,  Cy-   I  ford  Burwash  Hurst 
rena,   Lignite,    car-   [ 
bonised  Vegetables.  J 


The  wealden  is  very  well  developed  and  exposed  in  the 
Isle  of  "Wight,  and  forms  the  cliffs  between  Atherfield  Point 
and  Compton  Bay,  and  also  appears  at  Sandown  Bay. 
The  following  section  (fig.  274*)  shows  the  relative  position, 
of  the  wealden  and  chalk  with  the  anticlinal  axis  at  Sandown. 


*  Dr.  Fitton's  Memoir  on  the  Strata  below  the  Chalk. 
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The  Purbeck  beds,  and  their 
overlying  sands,  are  well  seen 
in  the  coast  sections  of  the 
south-western  shores  of  the 
Isle  of  Purbeck.  The  relative 
position  of  these  beds  is  exhi- 
bited in  fig.  275. 

GrEOGBAPHICAL    DlSTBIBU- 

TION. — The  wealden  extends 
from  Horsham  to  Hastings, 
where  it  dips  beneath  the  sea, 
forms  the  bed  of  the  English 
Channel,  and  re-appears  in  the 
valley  of  Braye,  in  the  pro- 
vince of  the  Boulonnais  ;  thus 
occupying  an  area  of  200  miles 
from  west  to  east,  and  220 
from  north-west  to  south-east, 
the  total  thickness  being  about 
2,000  feet.  Strata  resembling 
the  weald  clay  and  Hastings 
sand  have  been  discovered  by 
M.  Eoemer,  in  Germany, 
where  they  occur  near  Helm- 
sted,  and  extend  westward 
from  Hanover,  by  Minden,  to 
Iburg  and  Rheine,  near  Mini- 
ster, in  "Westphalia,  abounding 
in  seams  of  good  coal,  from  one 
to  three  feet  thick.  Deposits 
of  like  character  occur  in  the 
Isle  of  Bornholm ;  and,  with 
the  progress  of  geological  in- 
vestigation, it  is  probable  that 
other  instances  will  be  disco- 
vered, since  the  land  which 
gave  rise  to  the  river  of  the 
weald  was,  doubtless,  drained 
by  others  flowing  in  different 
directions. 


J  ! 
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THE  ISLE  OF  PURBECK.—  On  the  western  shore  of  the  Isle 
of  Purbeck,  the  chalk  is  raised  to  a  vertical  position,  and  the 
wealden  beds  beneath  are  clearly  displayed.  (Fig.  275.) 


FIG.  275.— Plan  of  the  Stratification  of  the  Coves  on  the  South-western  Coast  of  the 
Isle  of  Purbeck.  a,  Chalk;  fc,  Chalk-marl;  c,  Firestone;  d,  Gault;  e.  Wealden: 
/,  Purbeck ;  g,  Portland  Oolite. 

The  limestone  which  underlies  the  chalk  is  well  known  as 
Purbeck  marble.  It  is  composed  of  small  freshwater  shells, 
Paktdinar,  intermixed  with  the  minute  shelly  coverings  of 
Cyprides.  This  limestone  was  so  extensively  employed 
during  the  middle  ages  for  ecclesiastical  edifices,  that  there 
is  scarcely  a  cathedral  or  church  of  importance  in  which  the 
Purbeck  marble  was  not  used  for  decoration.  This  section, 
from  Durlstone  Head  to  Ballard  Downs  (fig.  277),  exhibits 
the  relative  position  of  the  strata  from  the  chalk  to  the 
Portland  oolite. 

ISLE  OF  PORTLAND. — The  Island  of  Portland  is  a  bold 
promontory  off  Weymouth,  sloping  gradually  towards  the 
land  :  it  is  about  four  miles  and  a  half  in  length,  and  two  in 
breadth,  and  is  united  to  the  mainland  by  the  Chesil  beach. 

The  base  of  the   island   consists   of  Kimmeridge   clay, 

^HZH^)   Freshwater,  calcareous  slate. 
Dirt-bed  and  ancient  forest 

Lowest  fresh-water  beds  of  the 
j          lower  Purbeck. 
^:rx.     __.   \  Portland  stone  (oolitic  series). 

FIG.  276.— Section  of  the  Isle 'of  Portland,  Dorset. 

and  the  oolitic  limestone,  which    supplies   the   celebrated 
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Portland  stone  for  building,  on  which  rest  the  lowest  fresh- 
water beds,  and  a  mass  of  bituminous  earth,  called  the 
"dirt-bed,"  which  is  an  ancient  vegetable  soil,  containing 
numerous  trunks  of  fossil  trees,  standing  erect  at  a  height 
of  from  one  to  three  feet,  with  their  summits  jagged,  as 
if  they  had  been  broken  off  by  a  hurricane.  (Fig.  276.) 

They  are  placed  at  the  same  distance  ^          S    ^ 

from  each  other  as  trees  usually  occupy  1    | 

in   a  forest,   and  have   their  roots  at-      ^  3 
tached;  showing  that  they  now  occupy 
the    spot    on    which    they    lived    and 
flourished. 

The  same  bed  of  earth  contains  many 
remains  of  Cycadea,  allied  to  the  recent 
Cycas  and  Zamia.  Prom  their  rounded 
shape,  they  are  called  birds'  nests  by  the 
workmen.  (Fig.  279.) 

The  "dirt-bed  "can  also  betraced  on  the 
mainland,  being  seen  in  the  same  relative 
position  in  the  cliffs  of  Lulworth  Cove, 
on  the  coast  of  Dorsetshire,  where,  how- 
ever, the  strata  having  been  inclined  to 
an  angle  of  45°,  the  dirt-bed,  with  its 
fossil  trees,  is  inclined  with  them ;  pre- 
senting the  most  convincing  evidence  of 
the  disturbance  of  strata,  and  a  change 
in  the  position  of  beds  originally  hori- 
zontal, since  it  is  obvious  that  the  trees 
must  have  grown  erect,  and  subsequently 
have  been  inclined  with  the  bed  in  which 
they  grew.  Traces  of  the  dirt-bed  have 
been  observed  in  Oxfordshire,  and  like- 
wise in  the  cliffs  of  the  Boulonnois,  on 
the  French  coast. 

It  has  been  ascertained  that  the  forest 
of  the  dirt-bed  was  not  the  earliest  ve- 
getation of  this  locality.  Two  beds  of 
carbonaceous  clay,  one  of  them  contain- 
ing Cycadece  in  an  erect  position,  have 
been  discovered  below  it,  and  one  above 
it;  which  fact,  with  others  furnished  by  the  organic 
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contents  of  the  different  beds,  implies  that  many  changes  of 
condition  took  place  during  the  deposition  of  the  Purbeck 
beds.  Professor  E.  Forbes  has  recently  examined  the 
organic  remains  of  the  three  members  of  the  Purbeck  group, 


Fig.  278.— Section  in  a  Cliff  east  of  Dulworth  Cove,  Dorset. 

displayed  at  Meup's  Bay,  Dorset,  in  a  vertical  section  of 
155  feet.  To  our  previous  information  he  has  added  some 
important  facts ;  the  Professor  found  that  the  upper,  middle, 
and  lower  Purbecks,  are  each  marked  by  peculiar  species 
of  organic  remains ;  these,  again,  being  different  from  the 
fossils  of  the  Hastings  sand  and  weald  clay.* 


FIG.  279.— Mantellia  nidiformis.    Brongniart. 

Upper   Series. — The   highest   of  the   three   divisions   is 
purely  a  fresh-water  deposit,  about  50  feet  in  thickness, 

*  Professor  E.  Forbes,  on  the  Dorsetshire  Purbecks.     See  also  Sir  C. 
Ly ell's  Manual  (third  edition)  for  much  interesting  matter  on  this  subject. 
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containing  Paludina,  PJiysa,  Lymncea,  Planorlis,  Valvata, 
Cyclas,  and  Unio,  with  the  shields  of  cyprides,  and  remains 
of  fishes. 

Middle  Series.— Consist  of  30  feet  of  strata,  deposited 
under  changing  conditions ;  the  uppermost  beds  are  of 
fresh-water  limestone,  with  cyprides,  turtles,  and  fishes  of 
different  species  from  those  found  in  the  upper  series. 
Below  the  limestone  are  brackish  water  beds  full  of  Cyrena, 
and  traversed  by  seams  of  Corbulcs  and  Melanite.  These 
are  based  on  a  marine  deposit  containing  Pecten,  Modiola, 
Avicula,  Thracia,  of  new  species.  Below  this,  again,  come 
limestones  and  shales,  partly  of  brackish  and  partly  of  fresh- 
water origin,  containing  fishes  of  the  genera  Lepidotus  and 
Microdon,  and  a  reptile  called  Jlfacrorhyncus.  Immediately 
below  is  the  "  Cinder-bed,"  about  12  feet  in  thickness, 
formed  of  a  vast  accumulation  of  Ostrea  distorta,  Perna,  and 
a  new  species  of  Hemicidaris,  an  urchin  which  is  chiefly 
confined  to  the  oolites.  Below  the  "  Cinder-bed,"  fresh- 
water strata  again  occur  in  many  places  filled  with  species 
of  Cypris,  Valvata,  Paludina,  Planorbig,  Lymncea,  Physa, 
and  Cyclas,  with  seeds  of  Charge,  distinct  from  those  found 
in  the  beds  above :  beneath  these  fluviatile  beds  thin  bands 
of  greenish  shales,  with  marine  shells  and  impressions  of 
leaves  like  those  of  a  large  Zostera,  form  the  basement  of 
the  middle  division. 

Lower  Series. — Beneath  the  marine  bed  just  described,  • 
fresh-water  marls  occur,  containing  Cypris,  Valvata,  and 
Lymncsa,  of  species  different  from  those  of  the  middle 
division ;  this  is  the  beginning  of  the  lower  series,  which  is 
about  80  feet  in  thickness.  Below  the  marls  are  30  feet  of 
brackish  water  beds,  with  Serpula,  Rissoa,  and  Cardium, 
together  with  Cypris;  the  "dirt-bed,"  with  the  roots  and 
stools  of  Cycadece,  underlies  these  marls,  resting  upon  the 
lowest  fresh-water  limestone,  a  rock  about  8  feet  thick, 
^containing  Cyclades,  Valvata,  and  Lymncea,  of  the  same 
species  as  those  of  the  uppermost  part  of  the  lower  series. 
This  limestone  rock  rests  upon  the  superior  beds  of  the 
Portland  stone,  which  is  purely  marine,  and  between  which 
and  the  Purbecks  there  is  no  passage. 

The  following  table  *  will  enable  the  reader  to  understand 

*  Sir  C.  Lyell's  Elements,  Third  Edition,  page  235. 
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the  changing  conditions  under  which  the  strata  were  formed 
from  the  lower  greensand  to  the  Portland  oolite  inclusive, 
on  the  south-east  coast  of  England : — 


L  Marine 

Lower  Greensand 

6.  Freshwater     "| 

2.  Freshwater 

Weald  Clay 

Brackish 

3.  Freshwater 

1 

Land 

Brackish 

I-  Hastings  Sand 

Freshwater 

Freshwater 

J 

Land    (dirt- 

4.  Freshwater 

Upper  Purbeck 

bed) 

5.  Freshwater 

"I 

Freshwater 

Brackish 

Land 

Marine 

Freshwater 

Brackish 

}-  Middle  Purbeck 

Land 

Marine 

I 

Freshwater     J 

Freshwater 

7.  Marine 

Marine 

J 

Lower  Purbeck 


Portland  Stone 


The  causes,  says  Professor  Porbes,  "  that  led  to  a  com- 
plete change  of  life,  three  times,  during  the  deposition  of 
these  freshwater  and  brackish  strata,  must  be  sought  for  not 
simply  in  either  a  rapid  or  a  sudden  change  of  their  area 
into  land  or  sea,  but  in  the  great  lapse  of  time  which 
intervened  between  the  epochs  of  the  deposition,  at  certain 
periods  during  their  formation."  It  is  interesting  to  find 
in  the  Purbeck  beds,  changes  of  condition  of  a  similar  cha- 
racter to  those  which  we  have  described  in  the  eocene  strata 
of  the  north-west  coast  of  the  Isle  of  Wight,*  where  fresh- 
water, brackish,  and  marine  beds  in  like  manner  succeed 
each  other,  and  are  characterised  by  corresponding  changes 
in  their  organic  contents — changes  which  must  have  re- 
quired long  periods  of  time  for  their  fulfilment. 

WEALDEF  STRATA  or  THE  ISLE  or  WIGHT.  —  The 
wealden  beds  are  extensively  developed  at  the  south  side  of 
the  island,  and  constitute  the  foundation-rock  of  Sandown, 
Brook,  and  Brixton  Bays.  Pig.  281  is  a  coast  section  of 
the  Isle  of  Wight  from  Blackgang  to  Afton  Down,  showing 
the  relative  position  of  the  wealden  and  lower  greensand* 
with  the  western  anticlinal  axis  of  the  island,  which  passes 
through  Brook  Point.  The  beds  are  observed  to  dip  to  the 
east  and  west  at  the  point.  This  locality  is  likewise 
remarkable  for  the  fossil  forest  of  the  wealden,  which  lies 
prostrate  on  the  strand  at  low-water  mark.  The  trunks  of 

*  Dr.  Wright :   Annals  of  Nat.  Hist.,  vol.  vii. 
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the  trees  retain  their  natural  contour,  and  the  bark,  in  many 
of  them,  is  converted  into  a  black  carbonaceous  substance, 
whilst  the  wood  is  fossilised.  Hundreds  of  tons  of  this 
forest  are  seen  stretching  far  out  to  sea,  at  low  tides.  Vege- 
table remains  are  frequently  washed  out  of  the  cliffs;  and 
bones  from  the  wealden  strata,  which  here  form  the  bed  of  the 
British  Channel,  are  cast  on  this  and  the  adjacent  shores. 

OBGANIC  REMAINS. — The  fossil  remains  of  the  wealden 
consist  of  plants,  fresh-water  shells,  fishes,  turtles,  ptero- 
dactyles,  colossal  reptiles,  and  birds.  The  shells  are  of  fresh- 
water origin,  consisting  of  the  genera  Cyclas,  Unio,  and 
Paludina,  with  an  occasional  admixture  of  marine  and 
estuary  species.  The  reptile  remains  are  chiefly  referable  to 
the  genera  Iguanodon,  Hylteosaurus,  Plesiosaitrus,  Megalo- 
saurus,  Cetiosaurus.  The  plants  are  monocotyledonous,  con- 
sisting chiefly  of  such  as  are  allied  to  the  fern,  palm,  Yucca, 
dracsena-draco,  and  other  genera  indigenous  to  the  torrid 
zone,  among  which  Sphenopteris,  Clathraria,  LoncJiopteris 
are  characteristic.  (See  fig.  123.) 

SUSSEX  MAEBLE. — The  weald  clays  contain  beds  of  lime- 
stone composed  of  Paludince,  a  freshwater  mollusc,  common 
in  rivers  and  lakes.  This  substance,  when  polished,  is 
called  Sussex  marble,  and  was  used  for  ornamental  purposes 
by  the  Romans  (fig.  282).  During  the  middle  ages  it  was 
employed  for  the  decoration  of  sacred  edifices.  It  forms  a 
row  of  columns  in  Chichester  cathedral;  and  in  that  of 
Canterbury,  the  throne  is  constructed  of  this  rock.  A 
highly  interesting  proof  of  its  employment  by  the  Romans 
was  afforded,  whilst  digging  the  foundation  of  the  present 
Council-house  at  Chichester,  in  1723 ;  the  workmen  dis- 
covered a  slab  of  grey  Sussex  marble,  which  bore  an  inscrip- 
tion of  which  the  following  is  a  translation. 

"  The  college,  or  company  of  artificers,  and  they  who  pre- 
side over  sacred  rites,  or  hold  offices  there,  by  the  authority 
of  King  Cogidubnus,  the  legate  of  Tiberius  Claudius  Au- 
gustus, in  Britain,  dedicated  this  temple  to  Neptune  and 
Minerva,  for  the  welfare  of  the  imperial  family ;  Pudens,  the 
son  of  Pudentinus,  having  given  the  site." 

FOSSIL  PISHES. — The  strata  of  the  wealden  have  yielded 
the  scales,  rays,  teeth,  and  bones  of  fishes,  allied  to  the 
Lepidosteus.  These  remains  usually  occur  in  a  fragmentary 
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condition,  occasioned  by  the  transporting  action  to  which 
they  have  been  exposed.  Species  of  the  genera  Lepidotus, 
Pycnodus,  and  Hylodus  are  found.  The  fishes  of  the  wealden 
are  specifically  distinct  from  those  of  the  chalk. 


FIG.  282.— Sussex  Marble,  composed  of  Paludinse. 

TURTLES.  —  The  bones  and  other  remains  of  turtles 
referable  to  one  marine,  and  two  freshwater  genera,  the 
Emys  and  ^Drionyx,  have  been  exhumed  from  these  deposits. 
The  teeth  and  bones  of  crocodiles  of  two  species  have  been 
discovered ;  the  one  allied  to  the  gavial,  with  long,  slender 
jaws  ;  the  other  more  nearly  resembling  the  common  croco- 
dile. At  Swanage,  a  highly  interesting  specimen  of  Gonio- 
pholis  was  obtained,  which  comprised  the  lower  jaw,  con- 
taining two  teeth  in  situ,  with  several  other  scattered  teeth, 
portions  of  the  pelvis,  ribs,  and  dermal  plates. 

COLOSSAL  REPTILES. — The  most  important  discovery 
effected  by  Dr.  Mantell  in  the  region  which  he  has  raised  to 
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geological  celebrity,  consists  of  those  enormous  reptiles  which 
he  has  exhumed  from  the  wealden.*  This  naturalist  had 
long  been  in  the  habit  of  finding  bones  which  differed  from 
those  of  any  known  recent  or  extinct  animal.  Their  charac- 
ters were  such  as  referred  them  to  the  reptilian  type,  yet 
their  enormous  size  seemed  to  preclude 
such  a  supposition ;  for  a  reptile  larger 
than  an  elephant  was  too  monstrous  for 
belief.  At  length,  the  discovery  of  a  tooth 
(fig.283),ledhimtoconjecturetheexistence 
of  a  gigantic  herbivorous  saurian,  holding 
the  same  rank  among  reptiles  wrhich  was 
occupied  by  the  elephant  and  mastodon 
among  the  mammalia.  The  teeth  are  of 
a  prismatic  form,  with  prominent  ridges  in 
front  and  serrated  edges ;  the  enamel  is 
FIG  283.- A  worn  Tooth  thick  before  and  thin  behind,  so  as  to 

ofthelguanodon.  .         .  . 

mamtain  constantly  a  sharp  and  cutting 
edge.  The  structure  of  the  grinding  surface  proves  that 
they  are  referable  to  a  herbivorous  species  ;  the  absence  of  a 


FIG.  284.— The  Jaw  and  Teeth  of  the  Iguana. 

fang,  and  the  appearance  of  the  base,  which  is  not  broken 
off,  but  indented,  show  that  the  fang  has  been  absorbed  by 

*  For  a  complete  and  highly  interesting  account  of  these  researches,  the 
reader  is  referred  to  Dr.  Mantell's  Fossils  of  Tilgate  Forest,  and  his  Geology*  of 
the  South-east  of  England. 
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the  pressure  of  a  new  tooth,  which  grew  up  and  supplanted 
the  old  one.  Having  recognised  in  the  above  the  characters 
of  the  reptilian  type,  the  dental  structures  of  this  class  were 
next  examined,  till  in  the  teeth  and  jaws  of  the  Iguana  he 
recognised  a  miniature  resemblance  of  its  colossal  prototype. 
(Fig.  283.) 

In  fig.  1,  of  fig.  284,  is  the  inner  surface  of  the  right  side  of 
the  upper  jaw;  2,  a  portion  magnified  four  diameters  ; 
3,  a  single  tooth,  largely  magnified.  At  a  a  the  intrusion  of 


FIG.  285.  —  Iguana  cornuta. 

the  new  tooth  into  the  base  of  the  old  is  shown.     The  jaw 

forms  a  parapet  on  the  outside  of  the  teeth,  but  they  have  no 

protection  inside,  except  the  gum.      Their  prismatic  form, 

serrated  edge,  the  replacement  of  the  old  teeth  by  the  new, 

the  absorption  of  the  fang,  the  mode  of  insertion  in  the 

jaw,  their  small  size,  when  com- 

pared with  that  of  the  reptile  to 

which  they  belong,  sufficed  to  ally 

the  recent  with  the  fossil  species, 

and    induced    its    discoverer    to 

name  the  extinct  reptile  Iguano- 

don.      Many    species   of   Iguana 

have     large     serrated     processes 

along  the  back,  while  some  have 

warty  or  horny  protuberances  on 

the   head.     The   Iguana   cornuta 

(fig.  285),  in  particular,  which  is 

a  native   of  St.  Domingo,  has  a 

*  The  above  specimen,  which,  with  the  rest  of  Dr.  Mantell's  collection,  is 
in  the  British  Museum,  was  considered  unique,  till  Mr.  Bass,  jun.,  of  Brighton, 
a  short  time  since,  obtained  another.] 


FIG.  286.-Hom  of  the 
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small  conical  nasal  horn;  the  fossil  horn  here  depicted  (fig. 
286.)  has  been  referred  to  the  iguanodon,  and  is  supposed 
to  have  occupied  a  similar  position  on  the  nasal  bones. 

Several  bones  belonging  to  the  extremities  of  this  saurian 
have  been  found  in  Sandown  and  Brook  Bays,  Isle  of 
Wight;  one  femur  measures  40  inches  (fig.  199);  another 
attains  the  colossal  dimensions  of  4  feet  in  length. 

Professor  Owen*  dissents  from  the  opinion  that  the 
iguanodon  attained  the  length  estimated  from  a  comparison 
made  between  the  bones  of  the  iguana  and  that  extinct 
reptile,  and  thinks  that  the  relative  proportions  between 
the  size  of  the  bones  in  these  genera  is  a  premises  not  to  be 
relied  on,  and  suggests  that  the  land  reptiles  of  the  wealden 
might  have  had  limbs  much  longer  in  proportion  to  their 
length  than  the  iguana  of  our  epoch.  The  discovery  of  the 
Maidstone  iguanodon,  which  comprises  a  larger  portion  of 
the  skeleton  than  had  previously  been  found,  has  served  to 
confirm  several  important  particulars  relative  to  the  general 
structure  of  the  genus.  This  specimen  was  discovered  in 
the  lower  greensand,  which  proves  that  the  existence  of  this 
reptile  was  protracted  till  an  early  period  of  the  chalk,  as  the 
remains  of  crocodiles  and  alligators  are  now  borne  by  tropical 
rivers  to  the  ocean ;  so  these  remains  might  have  been  floated 
by  a  river  into  the  cretaceous  sea. 

THE  HTL^OSATJEUS  f  was  discovered  in  the  strata  of 
Tilgate  forest.  The  peculiarity  of  this  saurian  consists  in 
the  large  angular  spinous  bones  which  lie  embedded  with 
the  skeleton.  Many  existing  iguanas,  as  Iguana  cornuta, 
have  a  fringe  of  cartilaginous  spines,  extending  from  the 
neck  to  the  tail.  In  this  extinct  reptile  the  appendage  is 
supposed  to  have  been  of  bone,  and  to  have  been  inserted  in 
like  manner  along  the  back.  Bones  have  been  found  in 
the  Hastings  sand  which  are  referred  to  pterodactyles,  and 
numerous  large  vertebrae  from  the  wealden  beds  belong  to  a 
new  genus,  the  Cetiosaurus,  which  is  supposed  to  have  had 
an  alliance  with  the  cetacean  type  of  structure. 

The  Eev.  P.  B.  Brodie  discovered  in  the  wealden  of  the 
Yale  of  AYardour,  in  Wiltshire,  many  genera  of  insects 

*  Report  on  British  Fossil  Reptiles, 
t  'TAcuos  (hylceos),  a  wood ;  aavpos  (sauros),  a  reptile. 
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belonging  to  the  orders  Diptera,  Neuroptera,  Hemiptera, 
Orthoptera,  and  Coleoptera,  and  Crustacea  belonging  to  the 
genera  Archceoniscm  and  Cypris,  with  shells  of  Cyclas,  Ostrea, 
and  Paludina,  and  several  small  fishes,  which  he  has  figured 
and  described  in  his  valuable  Monograph  on  Fossil  Insects. 
The  gigantic  reptiles  which  characterise  the  wealden  of  Kent 
and  Sussex  are  absent  from  the  "Wiltshire  beds,  but  the 
latter  abound  with  many  interesting  forms  of  entomoid 
articulata,  of  which  no  trace  has  been  found  in  the  south-east 
of  England. 

DENUDATION  or  THE  WEALDEN. — In  conclusion,  we  have 
to  direct  the  student's  attention  to  the  evidences  of  denuda- 
tion, so  extensively  presented  throughout  the  wealden  and 
the  cretaceous  groups.  The  removal  of  the  chalk,  and 
probably  of  the  tertiary  strata ;  the  abrasion  of  the  wealden 
beds ;  the  proofs  of  displacement  and  fracture  which  they 
present;  the  anticlinal  axis  exhibited  throughout  a  con- 
siderable part  of  their  range ;  the  fissures,  which  extend  at 
right  angles  to  the  anticlinal  line,  and  which  form  the  pre- 
sent drainage  of  the  district,  constituting  the  beds  of  the 
rivers  Arun,  Adur,  Ouse,  and  Cuckmere ;  these,  with  other 
facts  of  a  like  nature,  prove  that  these  strata  have  under- 
gone upheaval  and  disturbance  on  the  most  extensive  scale, 
at  a  comparatively  recent  period,  probably  during  the  ter- 
tiary epoch. 


EXEECISES 

ON   THE   WEALDEN   FORMATION. 

1.  Explain  the  derivation  of  the  term  weald. 

2.  Name  the  authors  and  collections  of  fossils. 

3.  Mention  its  most  important  characteristics. 

4.  Describe  the  geographical  distribution  of  the  wealden. 

5.  Describe  the  general  classification  of  its  strata. 

6.  Mention  the  most  important  localities  of  its  occurrence. 
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7.  Describe  its  chief  organic  remains,  and  the  inferences 
deducible  from  their  occurrence. 

8.  Point  out  the  chief  physical  features  of  these  strata, 
and  their  evidence  of  disturbance. 

9.  Name  any  peculiar  phenomena  which  are  observable 
in  deposits  of  this  nature. 

10.  State   any  particulars   of  general   or  local   interest 
connected  with  the  history  of  this  formation,  and  pursue 
the    method    of   question    and    answer   suggested  in  the 
previous  chapter. 


CHAPTER  XIV. 


THE    OOLITIC    GROUP. 

Oolite  formation  of  English;  Calcaire  Jurassique  of  French;  Jurakalk,  and 
Rogenstein  of  German  Authors. 

MUSEUMS: — Geological  Society;  British  Museum;  that  of  Dr.  Buckland ; 
the  Bristol,  York,  Scarborough,  Hull,  Whitby,  and  Grantham  Museums; 
•with  numerous  private  Collections. 

AUTHORS  : — Buckland,  Lonsdale,  Smith,  Phillips,  De  la  Beche,  Murchison, 
Boblaye,  De  Caumont,  Desnoyers,  Goldfuss,  Roemer,  D'Orbigny,  &c. 

CHARACTERISTICS  :  —  Marine,  containing  the  usual  Marine  Exuviae,  with 
organic  remains  drifted  from  the  Land,  among  which  are  the  jaws  of 
Mammalia,  of  the  Marsupial  Order. 

DESCENDING  a  step  in  the  scale  of  deposits,  we  reach  the 
oolitic  group,  which  underlies  the  wealden,  or,  where  this  is 
wanting,  the  chalk  formation.  Its  name  is  derived  from  the 
Greek  words,  utov,  an  egg,  and  Ai&>?,  a  stone,  because  it  is 
formed  of  small  egg-like  grains,  like  those  composing  the 
roe  of  a  fish,  the  nucleus  of  which,  on  microscopic  investiga- 
tion, is  found  to  be  some  minute  substance,  usually  a  frag- 
ment of  a  coral,  a  shell,  or  a  grain  of  sand. 

GrEO  GRAPHICAL    DISTRIBUTION    OF    THE     OOLITE. ThlS 

group  commences  at  the  Isle  of  Portland,  and  the  adjacent 
coast  of  Dorset ;  and  follows  a  winding  course  through  the 
counties  of  Dorset,  Somerset,  Gloucester,  Oxford,  Northamp- 
ton, Lincoln,  and  York,  where  it  terminates  at  the  sea,  near 
Scarborough.  On  the  Continent,  it  occurs  in  Normandy ; 
and,  diverging  into  various  branches  of  hills,  traverses  France, 
forms  the  mass  of  the  Jura  and  part  of  the  Alps,  and  is 
farther  developed  in  G-ermany  and  .Poland,  as  well  as  in 
Portugal  and  Spain. 

The  oolitic  group  is  highly  valuable  in  an  economical  point 
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of  view,  from  its  consisting  largely  of  limestones  adapted  for 
architectural  purposes.  It  is  subdivided  into  nine  stages :  the 
subjoined  table  shows  these  subdivisions  and  their  equiva- 
lents, in  England,  Germany,  and  Trance : — 


Lpper 


Conybeare. 

Portland  Stone  and  Sand. 
Kimmeridge  Clay. 


•nt-jji     f  Coral  Rag. 
Mlddle'{  Oxford  Clay. 


Roemer. 
Portland  Kalk. 


Korallen  Kalk. 
Oxford  Thon. 


Lower 


f  Cornbrash,  Forest  Mar-  "I 

ble,and  Bradford  Clay.  J 
Great  Oolite  and  1 

Stonesfield  Slate.  J 
Fuller's  Earth  and  f  Walker  Erde. 

Inferior  Oolite.  \  Unter  Oolith. 


{Upper  Lias. 
Middle  Lias. 
Lower  Lias. 


Possidonien  schiefer. 
Belemniten  schichte. 
Lias  Sandstein. 


D'Orbigny. 

L'etage  Portlandien. 
„        Kimmeridgien. 

„        Corallien. 
.,        Oxfordien. 


Callovien. 
Bathonien. 
Bajocien. 


Toarcien. 

Liasien. 

Sinemurien. 


The  following  analytical  table  shows  the  different  stages, 
the  lithological  character,  and  principal  localities  of  the 
oolitic  group.* 


Portland       Stone 
and  Sand. 


Coarse  oolitic  shelly  lime- 
stone  ;  sometimes  fine- 
grained or  compact,  thick- 
bedded,  and  with  layers 
of  chert,  and  with  subor- 
dinate  beds  of  sand. 


f  Dark  blue  and  greyish  la- 
Kimmeridge  Clay.  •<       minated  clay,  with  gypsum 
\_     and  bituminous  shale. 

f Coarse    shelly    limestones ; 

Upper  Calcareous   I       more  or  less  thick-bedded: 

Grit,  Coral  Rag,  J       coarse    oolitic    limestone, 

Lower  Calcare-    j       sandy  limestones  abound- 

ous  Grit.  ing    in    corals,   calcareo- 

1^     siliceous  grits. 


Isle  of  Portland,  Brill, 
and  Aylesbury, Bucks; 
Thame,  Oxon ;  Tisbu- 
ry,near  Swindou,  Wilts 


Kimmeridge, Dorset;  near 
Oxford  ;  Stone  and 
Hartwell,  Bucks  ;  near 
Swindon. 


Headington,  Oxon ;  West- 
brook,  Calne,  and 
Steeple  Ashton,  Wilts; 
Mai  ton  and  Scarboro', 
Yorkshire. 


»  Tennant's  «  British  Fossils/ 
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Oxford  Clay,  Kel- 
loway  Rock. 


f  Dark  blue  clay,  with  Septa- 
ria;  sometimes  slaty  and 
bituminous  ;  with  a  subor- 
dinate band  of  ferrugi  nous 
sandy  limestone  ( Kel. 
Rock.) 


Chippenham  and  "Wooton 
Basset,  Wilts;  Oxford, 
Yorkshire,  &c. 


{Coarse,  rubbly  limestone, 
thinly  laminated  with 
layers  of  clay. 


Stanton,  Malmsbury,  Ash- 
ford,  Wilts. 


f  Thinly     laminated      shelly  *|    Corsham, Box, &c.,  Wilts, 
Forest  Marble     .  s       limestone,  sand,  and  grit-    >       Sapperton,      Bradford; 
stone,  with  layers  of  clay,  j        Cirencester. 


f  Layers  of  clay;  sometimes 
Bradford  Clay      .  -|       alternating  with  bands  of 
(_      limestone. 


Great  Oolite 


("Oolitic  shelly  limestone, 
I  more  or  less  compact  and 
|  sandy,  sometimes  thick- 
L  bedded. 


Bradford,  Burfield,  Pick- 
wick, Tetbury. 


Bath,  Bradford,  Minchin- 
hampton  Common  (very 
fossiliferous.) 


__'.,.       /-.      .   .1      «  T>  ii.    C  Ca)  Clavton    and     Gris- 

On   the   Yorkshire   Coast  the  Great   or  Bath    j  thorpe  Bavs 

(b)  Clough ton  and  White 
Nab. 


Oolite  (b)    (a   hard   blue    limestone  ;    fine- 
grained oolite;  hard  bluish  clay ;)  is  contained 


between  two  thick  beds  (a,  c,)  of  gritty  lami- 
nated sandstones  and  shales,  containing  an 
abundance  of  terrestrial  plants. 


(c)  Between    Cloughton 
Wyke   and    Blue 

.    Wick. 


Stoned 


gritty  "I    Stonesfield,Oxon;  Seven- 
J        hampton  Common,  &c. 


Fuller's        Earth  1 
Clay.  f 


Bath,  Box ;  near  Stroud 
and  Hampton  Common. 


Inferior  Oolite 


(  Two  layers  of  coarse  shelly 
ragstone,  with  intervening 
-{  bands  of  marl,  and  soft 
j  freestone.  Fine  grained 
I  sandstone  and  ironstone. 


Dundry,Painswick  ;Brim- 
I         scombe ;  the  Cotteswold 
Hills  ;      Blue     Wick, 
Yorkshire. 


Lias 


fAlum    shale;    rubbly    and 
J       sandy  shales,  &c. 
|  Lower  lias   limestones   and 
[_     shales. 


Whitby,  Redcar,  York- 
shire ;  Gloucestershire, 
Somerset,  Lyme-Regis, 
&c. 
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The  oolitic  group  is  well  developed  in  France,  and  is 
divided,  by  Alcide  D'Orbigny,  into  ten  stages.  From  the 
entire  Jurassic  series,  this  distinguished  palaeontologist  has 
collected,  for  the  illustration  of  his  "Paleontologie  Fra^aise," 
3,785  species  of  fossil  mollusca  and  radiata.  The  mode  of 
their  distribution  is  shown  in  the  subjoined  table,  which 
exhibits  the  numerical  value  of  the  species  that  characterise 
each  stage : — 


Oolitic 
Group. 

STAGES. 

Number  of 
Species  of 
Mollusca. 

Number  of 
Species  of 
Eadiata. 

Total 
Number  in 
each  Stage. 

Total  Num- 
ber in  the 
entire  series. 

Portlandian    . 

59 

2 

61      1 

Kimmeridgian     . 

184 

16 

200 

8 

Corallian  . 

403 

235 

638 

1 

Oxfordian 

499 

230 

729 

00      1     Callovian  . 
•53      1     Bathonian 

253 
407 

25 
125 

278 
532 

3,785 

1 

Bajocian   . 

508 

94 

602 

Toarcian  . 

273 

14 

287 

Liasian 

270 

13 

283 

t.   Sinemurian 

163 

12 

175      j 

Our  limits  restrict  us  to  a  few  very  general  remarks  on 
the  fossils  of  this  group.  From  the  table  of  the  distribution 
of  Mollusca  and  JBadiata  in  the  French  Jurassic  series  we 
observe  that  certain  stages,  as  the  Corallian  and  the  Ox- 
fordian, contain  a  much  greater  numerical  proportion  of 
corals  and  echinoderms  than  others ;  and  the  same  fact  has 
been  observed  in  the  English  series.  In  the  Portland  beds, 
corals  are  rare,  whilst  one  of  the  limestones  of  the  middle 
oolite  has  received  the  name  of  coral  rag,  because  it  con- 
sists, for  the  most  part,  of  zoophytic  debris ;  many  of  the 
corals  retaining  the  position  in  which  they  grew  at  the  bed 
of  the  ancient  sea.* 

At  Steeple  Ashton  are  found  A8trea,Agaricia,  Caryopliyllia, 
and  Explanaria,  and  other  genera,  in  great  abundance  and 
perfection.  Similar  coralline  beds  extend  through  Berkshire 
and  Wilts,  and  occur  likewise  in  Yorkshire.  Many  beautiful 

*  For  lists  of  fossils  of  the  oolitic,  and  other  groups,  we  refer  the  student  to 
the  accurate  catalogue  of  British  fossils,  by  John  Morris,  Esq.,  a  work  of  much 
research  and  great  value.  Very  complete  lists  are  contained  in  Mr.  Tennant's 
book  before  cited. 
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corals  are  found  in  the  great  oolite  near  Bath,  and  an 
extended  bed  of  coralline  limestone  rests  upon  the  freestone 
of  the  inferior  oolite  of  the  Cotteswold  Hills.  Figures  and 
descriptions  of  these  corals,  which  belong,  for  the  most  part, 
to  undescribed  species  from  ancient  coral  reefs,  will  be  given 
by  Prof.  Milne  Edwards  in  his  forthcoming  monograph  on 
the  corals  of  the  secondary  rocks  of  England.  Numerous 
crinoideans  are  met  with  in  the  different  stages  of  this 
group.  One  genus,  the  Apiocrinus  rotundus  (fig.  160),  is  very 
characteristic  of  the  Bradford  clay.  A  general  outline  of  the 
structure  and  distribution  of  the  echinodermata  has  been 
given,  in  our  chapter  on  Paleontology.  The  Mollusca  are 
very  abundant  throughout  the  entire  series,  but  certain  forms 
characterise  many  of  the  stages.  Thus  Ostrea  deltoida  is 
found  in  the  Kimmeridge  clay  of  England  and  France,  and 
Gryphaa  virgula  is  so  abundant  in  the  upper  oolites  of 
France  that  the  beds,  from  this  circumstance,  are  called 
"  Marnes  a  gryphees  virgule."  The  great  oolite  of  Glouces- 
tershire has  been  shown  by  John  Lycett,  Esq.,  to  contain 
a  suite  of  320  species  of  Mollusca  that  are  nearly  all  special 
to  the  Bathonian  Stage,  one  half  of  which  belong  to  the 
Gasteropoda,  and  a  great  many  of  the  species  are  new.* 
Some  of  the  most  common  and  characteristic  shells  of  the 
oolite*  are  represented  in  fig.  287.f 

The  ferruginous  beds  of  the  inferior  oolite  at  Dundry 
have  yielded  a  beautiful  series  of  well-preserved  shells  of 
Mollusca,  and  those  of  the  Cotteswold  Hills  contain  many 
well  known,  and  a  considerable  number  of  new  species .  J 

Ammonites  and  Nautili  are  very  abundant  in  the  different 
stages  of  this  group.  The  Oxford  clay  of  Christian  Malford 
has  furnished  some  beautiful  specimens  of  A.  Jason,  remarkable 
for  having  the  lateral  walls  of  the  aperture  prolonged  into 
long  spatulate  processes  (fig.  170). 

Several  species  from  the  Kimmeridge  clay,  and  from  the 
inferior  oolite  of  Dundry  exhibit  various  modifications  of 
the  processes  arising  from  the  aperture  of  the  shell. 

*  This  beautiful  series  \vill  form  the  subject  of  a  monograph  in  the  Pal. 
Soc.  publications,  by  John  Lycett  and  John  Morris,  Esqs. 

•f-  From  Professor  Phillip's  Geology,  Cab.  Cyclopaedia. 

J  Copious  lists  of  the  fossils  from  these  beds  are  given  in  Sir  R.  Murchison's 
Geology  of  Cheltenham,  Second  Edition,  by  Messrs.  Buckman  and  Strickland. 


FIG.  287. 


1.  Gryphsea  dilatata  Sow.  Kellowayrock 

and  Oxford  clay. 

2.  Gryphsea  incurva  Sow.  Lower  lias. 

3.  Nucleolites  clunicularis.    Cornbrash. 

4.  Cardium  truncatum  Sow.    Lias  marl- 

stone. 

5.  Trigonia  costata  Sow.   Inferior  oolite. 

6.  Goniomya  V  scripta  Agass.    Inferior 

oolite. 


7.  Hemicidaris  intermedia.     Gt.  oolite 

and  coral  rag. 

8.  Gervillia  acuta  Sow.    Lower  oolites. 

9.  Ammonites  Calloviensis  Sow.  Kello- 

way  rock. 

10.  Terebratula  acuta  Sow.   Lias  marl- 

stone. 

11.  Nerinsea    cingenda    Voltz.      Lower 

oolites. 
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The  Stonesfield  slate  of  Gloucestershire  and  Oxfordshire 
contains  the  remains  of  insects  belonging  to  the  families 
Prioniidce,  Blcvpsidce,  Buprestidce,  and  others,  which  are 
figured  and  described  by  the  Rev.  Mr.  Brodie.  The  remains 
of  Crustacea  are  rare  in  the  inferior  oolite,  but  the  litho- 
graphic schists  of  Solenhofen,  which  belong  to  the  Oxford 
stage  have  yielded  many  genera  of  this  class. 

The  fishes  formed  a  numerous  section  of  the  fauna  of  the 
oolitic  period.  Their  history  has  disclosed  the  curious  fact 
that  all  the  JLepido'id  said.  Sauro'id  fishes  which  lived  in  the  seas 
before  the  deposition  of  the  lias,  had  their  vertebral  column 
prolonged  into  the  upper  lobe  of  the  tail,  and  are  therefore 
called  heterocercal,  whilst  all  the  Lepido'id  and  Sauro'id 
fishes  of  the  oolitic  group,  with  one  exception,  the  Coccolepis, 
found  at  Solenhofen,  have  the  tail  bilobed  or  homocercal, 
like  the  majority  of  the  fishes  of  the  present  day.  In  our 
palseontological  sketch  we  have  cited  the  families  most 
common  in  the  different  stages  of  the  oolitic  group. 

The  reptiles  of  the  oolites  are  neither  so  numerous  nor  so 
well  preserved  as  those  of  the  lias.  The  most  remarkable 
are  the  Pterodactyles,  found  in  the  Stonesfield  slate  of 
Oxfordshire  and  Gloucestershire,  of  which  fig.  204  is  a 
drawing  of  the  skeleton,  reduced  from  Goldfuss. 

The  MEGALOSAUBTTS  was  discovered  by  Dr.  Buckland  at 
Stonesfield ;  its  teeth  have  been  found  in  the  equivalent  bed 
in  Gloucestershire;  it  was  a  gigantic  carnivorous  reptile 
allied  to  the  crocodile  and  monitor,  and,  from  the  dimensions 
of  its  bones,  must  have  attained  a  colossal  size.  The  long 
bones  of  the  extremities  form  hollow  cylinders  for  the  lodg- 
ment of  marrow;  the  same  anatomical  fact  has  been  observed 
in  the  femur  of  the  iguanodon,  and  of  all  our  terrestrial 
quadrupeds.  The  powerful  teeth  (fig.  200)  had  serrated 
edges,  and  combined  in  their  construction  the  powers 
of  the  knife,  the  sabre,  and  the  saw. 

One  of  the  most  interesting  discoveries  in  the  palseon- 
tological history  of  the  oolitic  period  is  the  presence  of  jaws 
and  teeth  in  the  Stonesfield  slate,  which  have  been  referred 
to  mammalia,  and  supposed  to  belong  to  extinct  genera  of 
the  marsupialia,  a  group  now  found  in  the  Australian  con- 
tinent. The  fig.  216  represents  the  jaw  of  ThylacotJierium, 
from  Stonesfield:  we  have  already  alluded  to  the  doubts 
which  some  entertain  of  its  mammalian  character. 
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COAL  OF  THE  OOLITE. — In  the  district  north  of  the 
Humber,  the  lower  beds  of  this  formation  assume  a  new 
character,  and  the  forest  marble  and  great  oolite  are  replaced 
by  beds  of  sandstone,  shale,  and  carbonaceous  matter.  The 
coal,  though  greatly  inferior  both  in  quality  and  extent  to 
that  of  the  carboniferous  group,  never  exceeding  sixteen 
inches  in  thickness,  is  of  considerable  local  value.  Fossil 
plants  are  found  in  the  sandstones  which  accompany  the 
coal :  and  in  Gristhorpe  Bay  a  seam  of  shale  'is  traceable  for 
a  considerable  distance,  containing  leaves  of  ferns,  Eauiseta, 
Cycadece,  &c.,  specimens  of  which  are  in  the  British  Museum. 
A  similar  deposit  of  coal  was  discovered  at  Brora,  in  Scotland, 
and  was  worked,  from  patriotic  motives,  by  the  late  Duke  of 
Sutherland ;  but,  from  the  great  loss  incurred  thereby,  the 
works  are  now  given  up. 


EXEECISES 

ON   THE    OOLITIC    GROUP. 

1.  State  the  derivation  of  the  term  oolite. 

2.  Describe    the    general    geographical    distribution    of 
these  beds. 

3.  Name  their  localities  in  other  countries. 

4.  Mention  the  chief  authors  and  collections. 

5.  Describe  the  principal  characteristics  of  the  group. 

6.  Point  out  the  sub-divisions  of  the  beds. 

7.  Mention  their  respective  mineral  characters. 

8.  State  their  principal  fossil  remains. 

9.  Describe  any  fossil  objects  of  extraordinary  nature  and 
interest  which  have  been  discovered  in  this  group. 

10.  Trace  on  a  map  and  commit  to  memory  the  general 
direction  of  the  strata,  and  name  the   counties  in  which 
they  occur. 

11.  Mention  their  economical  and  commercial  relations. 

12.  State  any  facts   of  a  generally  interesting  and  in- 
structive nature  connected  with  this  group,  and  consult  the 
foregoing  epitome  for  questions  and  answers  on  the  principal 
features  of  its  history. 


CHAPTEE  XV, 


THE  LIAS. 

Lias  of  English  ;  Calcaire  a  Gryphites  of  French  ;  and  Gryphitenkalk  and 
Jura-kalk  of  German  Authors. 

MUSEUMS  : — British  Museum,  those  of  Scarborough,  Whitby,  of  Viscount 
Enniskillen,  Sir  P.  Egerton,  Professor  Sedgwick,  and  those  of  Dorsetshire, 
Yorkshire,  and  the  Midland  Counties. 

AUTHORS  : — Buckland,  Conybeare,  Phillips,  De  la  Beche,  Murchison,  Roemer, 
Koch,  and  Dunker. 

CHARACTERISTICS  : — A  Marine  deposit,  chiefly  remarkable  for  the  remains 
of  enormous  Reptiles,  principally  of  the  Genera  Ichthyosaurus  and 
Plesiosaurus. 

THE  English  provincial  name  lias  has  been  very  gene- 
rally adopted  for  a  formation  of  argillaceous  limestone, 
marl,  and  clay,  which  forms  the  base  of  the  oolite,  and  is 
classed  by  many  geologists  as  part  of  that  group.  They 
pass,  indeed,  into  each  other  in  some  places,  as  near 
Bath,  a  sandy  marl  called  the  marlstone  of  the  lias  being 
interposed,  and  partaking  of  the  mineral  characters  of  the 
upper  lias  and  inferior  oolite.  These  last  mentioned 
divisions  have  also  some  fossils  in  common,  such  as  Avicula 
incequivalvis. 

Nevertheless  the  lias  may  be  traced  throughout  a  great 
part  of  Europe  as  a  separate  and  independent  group,  01 
considerable  thickness,  varying  from  500  to  1000  feet, 
containing  many  peculiar  fossils,  and  having  a  very  uniform 
lithological  aspect.  Although  usually  conformable  to  the 
oolite,  it  is  sometimes  as  in  the  Jura,  unconformable.  Thus, 
in  the  environs  of  Lons-le-Saulnier,  for  instance,  the  strata 
of  Has  are  inclined  at  an  angle  of  about  45°,  while  the 
incumbent  oolitic  marls  are  horizontal.* 

The  peculiar  aspect  which  is  most  characteristic  of  the 

*  Sir  C.  Lyell,  Elements  of  Geology,  First  Edition,  page  386. 

£  £ 


418  SPECIAL    GEOLOGY. 

lias  in  England,  France,  and  Germany,  is  an  alternation  of 
thin  beds  of  limestone,  with  a  light  brown  weathered  surface, 
separated  by  dark-coloured  narrow  argillaceous  partings,  so 
that  the  quarries  of  this  rock,  at  a  distance,  assume  a  striped 
and  riband-like  appearance.* 

GEOGRAPHICAL  DISTRIBUTION. — The  lias,  like  the  oolite, 
forms  a  belt  which  extends  across  our  island,  from  its  south- 
western to  its  north-eastern  shores,  from  Lyrne-Begis,  in 
Dorsetshire,  to  the  north  of  Whitby,  where  it  is  lost  beneath 
the  moorlands  of  the  Yorkshire  coast.  It  accompanies 
the  oolite  with  considerable  regularity,  from  Lyme-E-egis 
through  Dorsetshire  and  Somersetshire  to  Gloucestershire, 
in  which  county,  about  six  miles  south  of  Gloucester, 
its  western  portion  diverges  still  farther  to  the  west, 
and  pursues  a  tortuous  and  intricate  course,  among  the 
counties  of  Somerset,  Gloucester,  Monmouth,  and  Gla- 
morgan, attended  with  outlying  portions  and  detached 
masses.  Its  eastern  portion  continues  a  regular  track 
through  parts  of  Gloucestershire,  "Worcestershire,  Warwick- 
shire, Leicestershire,  Lincolnshire,  and  Nottinghamshire, 
into  Yorkshire. 

On  the  continent,  this  formation  is  largely  developed,  in 
the  north  and  south-east  of  Prance,  in  Switzerland,  and 
Germany.  In  some  countries,  as  in  America,  it  is  wanting 
over  extensiye  areas. 

No  part  of  the  world  has  yielded  organic  remains  of  such 
an  interest  Lag  character  as  those  which  have  been  brought  to 
light  in  this  country,  an  unrivalled  collection  of  which  con- 
stitutes an  important  feature  in  the  assemblage  of  organic 
remains  contained  in  the  mineral-galleries  of  the  British 
Museum. 

In  Gloucestershire  the  lias  admits  of  a  fourfold  division, 
into — 

1 .  Upper  lias  shales  ;  2.  Lias  marlstone  ; 

3.  Lower  lias  shales ;  4.  Lias  limestone. 

The  upper  shales  are  seldom  well  exposed  in  the 
escarpments  of  the  Cotteswolds,  but  are  seen  in  situ  in  the 
liasic  outliers  of  Dumbleton  and  Alderton,  reposing  on  beds 
of  marlstone,  which  in  these  localities  are  extremely  rich 

*  Geology  of  England  and  Wales,  page  261. 
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in  fossil  shells.     In  Yorkshire  a  similar  division  of  the  lias 
has  been  observed.* 

FAUNA  or  THE  I/IAS. — Corals  are  rarely  found  in  this 
stage,  but  in  "Warwickshire  some  beautiful  masses  of  Astrea 
have  been  discovered.  The  bed  of  the  liasic  sea  was  strewed 
with  numerous  plant-like  Crinoideans  belonging  to  the  genus 
Pentacrinus  ;  many  fine  specimens  of  P.  briareus,  have  been 
obtained  from  Lyme-Regis.  A  few  slender  armed  Ophiura 
have  been  found  in  the  same  rich  locality.  Larger  species 
are  preserved  in  the  shales  of  Gloucestershire,  and  in  the 
marlstone  of  Yorkshire.  The  genus  Cidaris  is  likewise 
found  in  the  Vale  of  Gloucester.  The  Conchiferous  Mollusca 
were  very  abundant  in  many  localities;  numerous  indivi- 
duals of  the  genera  Gryphoea,  Cardinia,  Lima,  Avicula,  and 
Hippopodium,  are  found  in  the  lower  lias  shales.  Crenatula, 


FIG.  288.— Area  Buckmanni. 

Corbula,  PJioladomya,  and  Nucula,  occur  in  a  higher  zone, 
and  a  species  of  Area  (fig.  288)  is  found  in  the  upper  beds 
of  the  lower  lias  shales.  The  plate  (fig.  289)  exhibits  some 
of  the  most  common  and  characteristic  genera  of  liasic  shells. 
The  Marlstone  contains  many  conchifers  that  are  special 
to  it, as  Qryphcea  gigantea, Pinna  liar  tmanni,  Avicula  cygnipes, 

*  For  full  particulars  relating  to  the  lithological  character  of  these  beds,  the 
student  is  referred  to  Sir  R.  Murchison's  Geology  of  Cheltenham,  Second 
Edition;  Professor  John  Phillips'  Geology  of  Yorkshire;  and  the  Rev.  P.  B. 
Brodie's  Fossil  Insects. 

EK'2 
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Cardium  truncatum,  (fig.  287)  and  Pecten  equivalvis.  The 
Brachiopoda  were  represented  by  many  species  of  Terebra- 
tula,  and  the  ancient  genus  Spirifera,  which  had  swarmed 


FIG.  289.— 1.  Spirifer  Walcottii.    2.  Gryphtea  incurva.    3.  Pleurotomaria  Anglica. 
4.  Ammonites  Conybeari. 

in  the  seas  of  the  Silurian,  Devonian,  and  Carboniferous 
periods,  appears  in  the  lias  for  the  last  time. 

Sp.  Walcottii  is  characteristic  of  the  lower  lias  shales,  and 


FIG.  290.— Spirifera  punctata. 

Sp.  punctatus  (fig.  290)  was  found  in  a  higher  bed ;   the 
genus  Leptcena  is  represented  in  the  lias  of  Ilminster. 
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Gasteropoda  are  rare  in  the  lias  ;  the  most  remarkable  is 
the  extinct  genus  Pleurotomaria,  of  which  several  species  are 
found.  Magnificent  specimens  of  a  large  species,  (P.  Anqlicafy 
were  found  near  Bredon.  Another  species  known  as  Motella 
is  special  to  the  marlstone. 

The  Cephalopoda  are  very  abundant  in  the  liasic  beds. 
Seventeen  species  of  Belemnites  occur  in  the  lias  of  France, 
and  nearly  as  many  are  found  in  those  of  England.  The 
internal  shells  of  a  genus  of  the  family  Loligidae,  have  been 
found  in  the  lower  lias  of  Cheltenham ;  *  in  the  same 
stratum  three  species  of  Nautilus,  N.striatus,  N.semistriatus, 
and  N.  intermedius,  are  found,  and  in  the  Marlstone  one 
species,  JV.  inornatus,  is  special  to  it.  D'Orbigny  has  figured 
and  described  one  hundred  and  forty-two  species  of  Ammo- 
nites, from  the  lower,  middle,  and  upper  lias  of  Prance,  and  a 
great  number  of  the  same  species  are  found  in  the  lias  of 
Gloucestershire.  The  different  groups  of  Ammonites  contain 
species  that  characterise  the  several  zones  of  the  liasic  beds. 
Thus,  in  the  inferior  zone  of  the  lower  lias  shales,  we  find 
A.  bisulcatus,  A.  obtusus,  A.  subarmatus,  A.  liasicus,  A.  tortilis, 
A.  Conybeari,  A.  Birchii.  In  the  superior  zone  of  the  lower 
lias  shales,  A.  planicosta,  A.  Boblayei,  A.  Valdani,  A.  Henleyi. 
In  the  Marlstone  of  Dumbleton,  A.  spinatus,  A.  Engelhardti, 
A.  margaritatus,  and  A.  heterophyllus.  In  the  upper  lias 
shales,  A.  bifrons,  A.  serpentinus,  A.  annulatus,  and  A.  ovatus. 

"We  have  already  stated  that  with  the  lias,  an  important 
modification  in  the  structure  of  fishes  was  introduced ;  many 
genera  of  the  Ganoid  order  with  equal  lobed  tails  are  found 
in  the  lias  of  Lyme  and  Whitby,  as  Tetragonolepis,  Dape- 
dium,  Amblyurus,  Semionotus,  and  Lepidottis,  but  for  further 
details  relating  to  this  class  we  must  refer  to  the  great  work 
by  Agassiz  on  fossil  fishes,  to  our  chapter  on  palaeontology, 
and  to  the  lists  of  British  fossils  already  cited  for  the  genera 
and  the  localities  from  whence  they  are  obtained. 

A  thin  seam  of  insect  limestone  lying  near  the  base  of  the 
lower  lias  beds,  and  exposed  at  Wainlode  and  Westbury  cliffs, 
on  the  banks  of  the  Severn,  has  yielded  Insects  belonging 
to  several  families  of  Coleoptera,  Orthoptera,  and  others, 

*  We  have  recently  found  internal  shells  of  Loligidee  in  the  upper  lias  of 
Dumbleton. 
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and  that  of  Worcestershire,  the  beautiful 
(fig.  178). 

Another  thin  band  of  fissile  limestone,  which  traverses 
the  upper  lias  has  afforded  likewise  the  remains  of 
Neuropterous  and  other  insects,  so  that  the  two  zones  of  insect 
limestone,  which  bound  as  it  were  the  great  liasic  group  of 
England,  contain  the  remains  of  beautifully  preserved  air- 
breathing  articulata,  thereby  attesting  the  proximity  of  dry 
land  to  the  ocean  which  was  tenanted  by  the  colossal  saurians. 

Crustacea  belonging  to  the  genus  Coleia  and  minute 
shells  supposed  to  be  Cyproida  are  found  in  the  lower  lias  of 
the  Vale  of  Gloucester,  and  from  the  same  stratum  two 
species  of  Astacus  have  been  obtained. 

EEPTILES  or  THE  LIAS. — The  most  marvellous  of  all  the 
remains  intombed  in  the  lias,  are  the  marine  Saurian  reptiles, 
belonging  to  the  family  Ichihyosauridce ;  the  genera  with 
which  we  are  best  acquainted,  are  the  Ichthyosaurus  and  the 
Plesiosaurus. 

THE  ICHTHYOSAURUS  (from  ixQvs,  fish,  and  o-avpa,  a  lizard) 
like  its  congener,  the  Plesiosaurus,  is  remarkable  for 
uniting  such  combinations  of  structure  as  are  now  distributed 
through  various  classes  of  animals,  but  which  no  longer 
exist  in  any  one.  Thus  it  possessed  the  snout  of  a  porpoise, 
the  teeth  of  a  crocodile,  the  head  of  a  lizard,  the  sternal 
arch  of  the  OrnitJiorhynchus,  the  paddles  of  a  whale,  and  the 
vertebra  of  a  fish.  Its  general  outline  is  considered  to  have 
most  nearly  resembled  that  of  the  porpoise.  The  teeth  are 
numerous,  sharp,  conical,  and  striated,  resembling  those  of  a 
crocodile ;  they  are  also  supplied  by  replacing  teeth,  in  the 
same  manner  as  in  that  saurian.  The  eye  was  of  enormous 
magnitude,  and  the  sclerotic  or  outer  coat  was  encircled  by 
a  series  of  thin  bony  plates,  as  in  chelonia  and  in  some  birds, 
especially  the  golden  eagle,  an  arrangement  which  gives  an 
immense  extent  and  power  of  vision.  The  sternum  and  collar 
bones  resemble  in  structure  those  of  the  Ornithorhynchus,  the 
construction  in  both  creatures  being  intended  to  adapt  them 
for  an  aquatic  life.  The  two  fore-paddles  were  large,  and 
composed  of  about  one  hundred  bones,  while  the  hinder  pair 
are  smaller,  consisting  only  of  thirty  or  forty.  The  vertebra 
are  biconcave,  like  those  of  fishes.  Of  this  genus  ten  species 
are  known  in  the  lias. 
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THE  PLESIOSATJRUS,  (from  TrXeo-toj/,  akin  to,  and  a-avpa  a 
lizard.)  —  This  reptile,  as  its  name  imports,  was  more  nearly 
allied  to  the  lizard  than  the  fish,  especially  as  regards  the 
character  of  its  vertebrae.  Like  the  Ichthyosaurus,  it  united 
in  its  structure  various  types  of  organisation  ;  it  had  the  head 
of  a  lizard,  the  teeth  of  a  crocodile,  a  neck  of  enormous 
length,  resembling  the  body  of  a  serpent,  a  back  and  tail 
having  the  proportions  of  an  ordinary  quadruped,  the  ribs  of 
a  chameleon,  and  the  paddles  of  a  whale.  It  is  supposed  to 
have  so  far  differed  in  its  habits  from  the  Ichthyosaurus,  that 
while  that  creature  sought  the  depths  of  the  ocean,  the 
Plesiosaurus  is  considered  to  have  floated  upon  or  near  the 
surface  of  shallow  waters  ;  arching  back  its  long  neck  like 
a  swan,  and  occasionally  darting  it  at  the  fish  which  swam 
within  its  reach.  Ten  species  of  this  genus  are  found  in  the 
liasic  beds,  but  several  others  are  special  to  the  higher  stages 
of  the  oolitic  group. 

One  of  the  most  remarkable  species  is  the  Plesiosaurus 
rugosus,  which  was  recently  presented  to  the  British  Museum 
by  the  Duke  of  Eutland,  and  described  by  Professor  Owen  : 
it  is  characterised  by  certain  rugose  markings  on  the 
vertebrae  and  other  parts  of  the  skeleton.  Figure  (fig.  291) 
is  a  faithful  representation  of  the  specimen  ;  «,  is  two 
vertebrae,  with  rugose  edges.  The  most  perfect  specimen  of 
plesiosaurus  yet  brought  to  light  is  one  recently  discovered 
at  Whitby,  which  has  been  purchased  at  the  price  of  230Z. 
for  the  Fitzwilliam  Museum,  at  Cambridge.  This  saurian 
has  been  described  by  Professor  Owen  under  the  name 
P.  grandipinnis,  from  the  large  size  of  its  paddles.  (See 
fig.  203.) 

Erom  the  state  of  perfection  in  which  these  and  other 
specimens  have  been  discovered,  many  of  the  skeletons  con- 
taining between  their  ribs  the  scales  and  other  remains  of 
fishes,  it  is  inferred  that  they  must  have  been  suddenly 
destroyed,  and  entombed  in  the  sediment  in  which  they  are 
now  enveloped. 

ORIGIN  or  THE  OOLITE  AND  LIAS.  —  It  is  supposed  that 
the  ocean  which  deposited  these  groups  was  liable  to  sudden 
changes  ;  the  varied  nature  of  the  beds  probably  justifies  this 
inference,  as  argillaceous,  arenaceous,  and  calcareous  strata 
are  found  to  succeed  each  other,  the  clay  usually  forming 
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the   substratum   of    each  series.      These  alternations  are 


FIG.  291. — Plesiosaurus  rugosus.    Owen. 

accounted  for  on  the  supposition  that  a  sea,  which,  during  a 
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certain  period,  threw  down  deposits  of  clay,  or  mud,  ceased 
to  do  so  after  a  time,  either  from  a  change  in  its  currents,  or 
from  the  destruction  or  removal  of  the  land  which  had 
supplied  the  substance  previously  precipitated ;  under  altered 
conditions  the  same  waters  might  deposit  beds  of  sand, 
or  afford  conditions  favourable  for  the  growth  of  zoophytes, 
and  thus  produce  the  argillaceous,  arenaceous,  and  calcareous 
deposits  observable  in  different  portions  of  this  group. 


EXEECISES 

ON   THE    LIAS   FOEMATION. 

1.  Explain  the  meaning  of  the  term  lias. 

2.  Mention  the  chief  authors  and  collections. 

3.  Name  the  distinctive  features  of  the  formation. 

4.  Mention  the  principal  discoverers  and  collectors. 

5.  Describe  the  characteristic  shells  and  fossils. 

6.  State  the  division  of  the  beds. 

7.  Trace  the  geographical  distribution  of  these  deposits  in 
this  country  and  on  the  Continent. 

8.  Name  the  counties  in  which  they  occur  in  England. 

9.  Point  out  any  particular  phenomena  indicated  by  their 
organic  remains. 

10.  Name  the  chief  localities  in  which  fossils  have  been 
discovered. 

11.  Mention  the  most  recent  discoveries  effected  in  these 
deposits. 

12.  State  any  facts  of  general  and  instructive  interest,  and 
pursue  the  prescribed  method  of  question  and  answer. 
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TRIAS,  OR  NEW  RED  SANDSTONE  GROUP. 

New  Red  Sandstone;  Triasic,  or  Saliferous,  or  Poikilitic*  System  of  English 
Authors. 

1. — Red,  or  Variegated  Marls  of  English ;  Marnes  Irisees  and  Calcaire  Con- 
chylien  of  French  ;  and  Keuper  and  Muschelkalk  of  German  Authors. 

2. — New  Red  and  Variegated  Sandstone  of  English;  Gres  Bigarre  of  French; 
and  Bunter  Sandsteiu  of  German  Authors. f1 

3. —  Magnesian  Limestone  of  English  ;  Zechstein  of  Germans. 

4. — Lower  New  Red  Sandstone  of  English  ;  Gres  des  Vosges  of  French  ; 
Rothtodt-Jiegendes  of  Germans. "J* 

The  entire  formation  is  also  styled  "  Trias "  in  Germany,  because  it  there 
consists  of  three  principal  portions;  first,  the  Variegated  Marls;  secondly, 
the  Muschelkalk;  and,  thirdly,  the  Variegated  Sandstone.  The  Mus- 
chelkalk, though  extensively  developed  in  Germany,  is  wanting  through- 
out the  whole  of  France,  with  the  exception  of  the  environs  of  the 
Vosges  Mountains,  while  in  England  it  is  absent  altogether. 

MUSEUMS  : — Geological  Society,  that  of  Warwick,  and  other  local  Collections 

AUTHORS: — Murchison,  Lyell,  Sedgwick,  Jaeger,  Voltz,  Elie  de  Beaumont,  &c. 

CHARACTERISTICS:  —  A    Marine    formation,    comparatively   poor    in    Fossils; 

remarkable  for  the  traces  of  Footsteps  of  Animals,  and  for  its  Springs  of 

Brine  and  Stores  of  Rock-Sal t,  hence  called  the  Saliferous,  and  also,  from 

the  diversified  Tints  of  the  Strata,  the  Poikilitic  or  Variegated  Group. 

BENEATH  the  lias  occurs,  in  the  midland  and  western  counties 
of  England,  a  vast  series  of  red  marls  and  sandstones,  which 

*  From  TTOIK(\OS,  varied  or  mottled,  from  the  appearance  of  these  deposits. 

f  Of  the  German  names  above  cited,  the  derivation  of  Keuper,  which  is 
supposed  to  be  a  miner's  term,  is  wholly  unknown.  Muschelkalk  is  employed 
to  designate  a  limestone  containing  My  till.  Bunter  Sandstein,  or  variegated 
sandstone,  is  sufficiently  clear.  Zechstein,  again,  is  obscure,  but  its  derivation 
is  referred  by  Adelung  to  the  signification  of  zech,  which  means  a  company  or 
association,  who  were  accustomed  to  hire  a  pit  or  a  quarry,  for  the  purpose  of 
working  it,  in  this  instance  probably  for  copper.  Rothtodt-liegendes,  literally, 
red-dead-lier,  is  used  to  indicate  that  the  copper  found  in  the  upper  beds  has 
died  out,  and  is  not  met  with  in  these  underlying  deposits. 
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are  succeeded  by  beds  of  limestone.  The  marl  and  sand- 
stone beds  are  of  varied  tints,  though  a  dull  red  derived  from 
peroxyde  of  iron  chiefly  predominates.  The  name  of  new 
red  is  given  to  this  group  to  distinguish  it  from  the  old  red 
sandstone,  which  is  often  identical  with  it  in  mineral  charac- 
ters, but  usually  lies  beneath  the  coal,  though  in  some  local 
instances,  in  particular  the  great  coal  field  of  Dudley,  the 
old  red  sandstone,  which  is  sometimes  ten  thousand  feet 
thick,  is  wanting,  and  the  beds  of  coal  repose  on  the  under- 
lying Silurian  system. 

The  following  table  exhibits  the  distribution  of  these  strata 
in  the  British  localities  in  which  they  occur : — 

I.  Upper  new  red  sandstone,  or  saliferous  system. 
Saliferous  marls  and  sandstones. 
Sandstone  and  quartzose  conglomerate. 

II.  Lower  new  red  sandstone. 
Magnesian  limestone. 
Lower  new  red  sandstone. 

GEOGRAPHICAL  DISTRIBUTION. — This  system,  like  the 
last  two  groups,  traverses  our  island  from  south-west  to 
north-east,  and  accompanies  the  lias  from  Devonshire  and 
Somersetshire,  through  the  midland  districts  of  Gloucester- 
shire, Warwickshire,  Lancashire,  and  Yorkshire,  to  Cum- 
berland. It  forms  a  region  highly  favoured  by  Nature, 
though  poor  in  fossil  remains,  containing  rich  stores  of 
gypsum,  soda,  and  salt,  and,  from  immediately  overlying 
the  coal,  presents  at  once  such  a  stimulus  and  supply  to 
industry,  that  nineteen  of  our  principal  cities  and  chief  seats 
of  commerce,  from  Exeter  to  Carlisle,  are  located  on  strata 
appertaining  to  this  group.  Deposits  of  this  character  are 
largely  developed  in  France,  in  Germany,  Italy,  and  European 
Russia,  as  well  as  North  America. 

ROCK-SALT  AND  BRINE  SPRINGS. — We  have  mentioned, 
among  the  characteristics  of  this  formation,  its  brine-springs 
and  stores  of  rock  salt,  which  entitle  this  group  to  the  name 
of  saliferous.  The  beds  of  new  red  sandstone  which  prevail 
in  Cheshire,  where  the  chief  salt-works  are  established  at 
Northwieh,  and  in  Worcestershire,  where  the  most  important 
springs  exist  at  Droitwich,  yield  an  inexhaustible  supply. 
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There  is  historical  evidence  of  their  having  been  wrought  by 
the  Britons,  and  for  2000  years  they  have  never  failed.  In 
the  year  1725,  it  having  been  ascertained  that  the  strata 
at  Northwich  were  perforated  to  a  greater  depth  than  those 
at  Droitwich,  the  gypsum-beds  of  that  place  were  broken 
through,  when  springs  of  much  stronger  brine  poured  into 
the  pits,  and  by  yielding  a  more  valuable  supply,  greatly 
enhanced  the  productiveness  of  the  works.  The  bed  of 
gypsum  lies  about  forty  or  fifty  feet  below  the  surface ;  it 
is  a  hundred  and  fifty  feet  thick,  and  on  being  perforated 
the  stream  of  brine  is  reached,  which  is  about  two  feet  in 
depth,  and  rests  on  a  bed  of  rock-salt.  The  brine  rises 
through  the  perforation,  and  is  conveyed  into  iron  boilers, 
for  the  purpose  of  evaporation.  Brine-springs  are  produced 
by  streams  of  water  which  have  flowed  over  masses  of  rock- 
salt;  but  the  origin  of  that  mineral  substance  is  by  no 
means  so  easy  of  explanation.  It  constitutes  a  problem 
which  the  present  state  of  our  knowledge  does  not 
enable  us  to  solve.  Three  theories  have  been  proposed  to 
account  for  its  origin :  the  first  ascribing  it  to  the  evapo- 
ration of  sea-water,  and  considering  it  to  have  been  deposited 
in  the  bed  of  a  sea ;  the  second  referring  it  to  similar  depo- 
sitions from  a  salt-water  lake  ;  and  the  third  attributing  it 
to  volcanic  agency.  The  first  two  propositions  are  liable  to 
the  objection  of  the  great  depth  of  water  requisite  for  pro- 
ducing masses  of  rock-salt  forty  yards  in  thickness ;  or  a 
mountain  of  salt  six  hundred  feet  in  height,  and  twelve 
hundred  in  breadth  at  its  base,  such  as  is  known  to  exist 
at  Cardona,  in  Spain.  The  most  conclusive  proof  in  favour 
of  the  volcanic  theory  consists  in  the  perfect  freedom  of  the 
rock-salt  from  extraneous  matter ;  whereas  if  it  had  been 
deposited  by  salt-water,  it  would  have  presented  some  im- 
bedded substances  indicative  of  its  sedimentary  origin. 
The  volcanic  theory  is  strengthened  by  the  facts  that  chlo- 
ride of  sodium  is  of  common  occurrence  among  the  ejections 
of  volcanoes,  and  that  salt-springs  rise  to  the  surface  from 
granitic  rocks ;  whence  it  is  inferred  that  the  sources  which 
supply  the  salt  may  lie  as  deep  as  those  substances  which 
yield  the  materials  for  modern  lavas,  and  which  have  fur- 
nished the  elements  for  the  ancient  trap-rocks  and  basalts 
in  the  early  history  of  the  earth. 
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ORGANIC  REMAINS  OF  THE  UPPER  NEW  HED  SANDSTONE. 
— We  have  already  observed  that  the  dull  red  colour  pre- 
valent in  strata  of  this  formation  is  derived  from  an  oxide  of 
iron,  and  it  has  been  noticed  as  a  striking  fact,  that  all 
deposits  in  which  this  iron  prevails  are  deficient  in  fossils ; 
thus  the  new  red  sandstone  exhibits  a  remarkable  paucity 
of  organic  remains  as  contrasted  with  the  oolite  and  lias. 
In  Germany,  where  this  group  is  largely  developed,  the 
calcareous  strata,  especially  the  muschelkalk,  are  compara- 
tively rich  in  organic  remains.  Of  plants,  several  Cycadece, 
and  various  genera  of  ferns,  with  Voltzia,  Albertia,  and  JSqui- 
setum,  have  been  collected  by  Count  Minister ;  of  Mollusca, 
the  Posidonia  minuta  and  Avicula  socialis,  with  Ammonites 
of  the  form  called  Ceratite,  have  been  discovered  in  these 
strata.  It  is,  however,  remarked  that  the  red  sandstone  is 
relatively  deficient  in  fossils ;  and  that  the  organic  remains 
chiefly  occur  in  the  argillaceous  and  calcareous  beds. 

FOSSIL  FOOTMARKS. — The  impression  of  footmarks  of  a 
peculiar  character,  occurring  both  in  this  country  and  in 
Germany,  have  formed  a  most  interesting  subject  of  inquiry. 
Imprints  had  been  observed  in  strata  of  this  formation,  in 
some  quarries  at  the  village  of  Hesseberg,  near  Hildburg- 
hausen,  in  Saxony,  and  were  referred  to  a  large  unknown 
quadruped,  which,  from  the  resemblance  of  the  markings 
to  those  of  a  human  hand,  were  provisionally  named,  by 
Professor  Kaup,  Chirotherium,  or  hand-beast,  which  was 
supposed  by  him  to  have  been  allied  to  the  Marsupialia, 
since  in  the  kangaroo  the  first  toe  of  the  fore-foot  is  set 
obliquely  to  the  others,  like  a  thumb  (fig.  292). 

The  larger  impressions,  which  seem  to  be  those  of  the 
hind  foot,  are  usually  eight  inches  in  length  and  five  in 
breadth.  At  about  an  inch  and  a  half  before  this  impression 
a  smaller  print  of  a  fore-foot,  four  inches  long  and  three 
inches  wide,  occurs.  The  footmarks  follow  each  other  in 
pairs,  each  pair  in  the  same  line,  at  an  interval  of  fourteen 
inches  between  each  pair.  Both  the  large  and  the  small 
steps  show  the  great  toe  alternately  on  the  right  and  left  side ; 
each  step  makes  the  print  of  five  toes,  the  first  or  great  toe 
being  bent  inwards  like  a  thumb.  Though  the  fore  and 
hind  feet  differ  so  considerably  in  size,  they  are  nearly 
similar  in  form. 
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Some  time  since,  similar  impressions  were  observed  in 
strata  of  the  same  date,  in  five  superimposed  beds  of  clay 
at  the  Storton  Quarries,  on  the  Cheshire  shore  of  the 
Mersey,  and  which,  like  the  imprints  previously  discovered 


FIG.  292.— Line  of  footmarks  on  a  slab  of  sandstone.    Hildburghausen,  Saxony. 

in  Germany,  were  referred  to  the  presumed  marsupial 
animal  Chirotherium.  These  footmarks  exercised  for  some 
time  the  ingenuity  of  naturalists ;  and,  among  other  con- 
clusions, it  was  inferred  that  impressions  of  such  depth 
and  distinctness  could  only  have  been  made  by  animals 
walking  on  dry  land,  as  their  weight  would  have  been 
insufficient  to  cause  them  to  sink  so  deeply  in  yielding 
clay  under  water.  It  was  farther  supposed  that  each  layer 
of  clay  which  bore  these  imprints  had  been  afterwards 
submerged,  so  that  a  new  stratum  was  successively  formed 
above  the  former.  Professor  Owen  having  directed  his 
attention  to  these  footmarks,  and  to  the  remains  of  reptiles, 
consisting  of  bones  and  teeth,  which  had  been  observed 
in  beds  of  this  age  in  Germany  and  England,  arrived 
at  the  conclusion  that  the  impressions  were  made  by 
an  animal  of  a  different  class.  The  fossil  teeth  exhibited 
externally  the  reptile  type,  but  internally  they  presented 
a  most  complicated  texture,  differing  from  that  of  all 
other  reptiles  hitherto  discovered.  A  section  of  one  of 
these  teeth,  under  the  microscope,  presents  a  series  of 
irregular  folds,  resembling  the  labyrinthic  windings  of  the 
human  brain:  from  this  circumstance  the  name  Labyrin- 
thodon  was  proposed  for  the  genus. 

An  examination  of  the  various  bones,  procured  from  the 
same  formation,  enabled  him  to  describe  five  species  of  this 
new  genus,  which  had  the  posterior  extremities  much  larger 
than  the  anterior.  Hence  the  idea  was  first  suggested  that 
the  tracks  in  question  were  those  of  the  Labyrinthodon.  It 
waa  farther  observed,  that  the  footprints  of  Chirotherium 
were  more  like  those  of  toads  than  of  any  other  living 
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animal ;  and  that  the  size  of  the  three  species  corresponded 
with  that  of  the  three  different  kinds  of  footsteps  which 
had  already  been  supposed  to  belong  to  three  distinct 
individuals.  Finally,  the  structure  of  the  nasal  cavity 
showed  the  Labyrinthodon  to  be  an  air-breathing  reptile, 
since  the  posterior  outlets  were  at  the  back  part  of  the 
mouth,  instead  of  being  directly  under  the  anterior  or 
external  nostrils.  It  must,  therefore,  have  respired  air,  like 
the  saurians,  and,  in  all  probability,  may  have  imprinted 
on  the  shore  those  footsteps  which  were  supposed  to  have 
been  produced  by  an  animal  walking  on  dry  land. 

MAGNESIAS  LIMESTONE  OR  ZECHSTEIN. — The  inferior 
members  of  the  new  red  sandstone  formation  consist,  in  the 
south-west  of  England,  of  a  conglomerate,  formed  of  pebbles 
cemented  together  by  a  base  of  dolomite  or  magnesian 
limestone,  whence  it  is  termed  dolomitic  conglomerate.  The 
imbedded  fragments  chiefly  consist  of  the  debris  of  the  rocks 
on  which  they  repose,  such  as  fragments  of  mountain- 
limestone,  coal,  shale,  and  other  underlying  deposits.  In 
the  north  of  England  these  conglomerates  and  breccias 
are  represented  by  the  magnesian  limestone.  The  mag- 
nesian limestone  is  now  separated  from  the  Trias  into  a 
distinct  system,  under  the  name  of  PERMIAN,  from  Perm, 
a  Russian  government  ;  where  strata  of  this  group  are 
extensively  developed,  occupying  an  area  twice  the  size  of 
France,  and  contain  ing  a  special  Fauna.  Mr.  King  classi- 
fies *  the  Permian  group  of  the  north  of  England  into  six 
stages,  which  he  is  of  opinion  represent  the  Thuringian 
strata : — 

NORTH    OF    ENGLAND.  THURINGIA. 

1.  Crystalline  limestone.  1.  Stinkstein. 

2.  Brecciated  limestone.  2.  Rauchwacke. 

3.  Fossiliferous  limestone.  3.  Dolomit,  Up.  Zechstein. 

4.  Compact  limestone.  4.  Zechstein,  Low.       „ 

5.  Marl  slate.  5.  Mergel-schiefer. 

6.  Inferior  sandstones.  6.  Rothliegendes. 

The  magnesiau-limestone  has  lately  been  brought  into 
repute  for  architectural  purposes,  buildings  constructed 
of  it  having  been  ascertained  to  be  extremely  durable.  The 

*  Pal.  Soc.  Memoir. 
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stone  is  found  to  combine  the  varied  qualities  so  much 
desired  by  the  architect,  but  so  seldom  found  in  the  same 
material;  uniting  the  softness  and  facility  of  working  of 
the  oolite  above,  with  the  hardness  and  compact  texture 
of  the  more  crystalline  rocks  below ;  while  the  magnesia 
which  it  contains  is  unfavourable  to  vegetable  growth. 
Qualities  thus  valuable  induced  the  members  of  the 
commission  for  selecting  stone  for  the  new  houses  of 
Parliament,  to  give  the  preference  to  this  material  over  all 
others  which  they  had  the  opportunity  of  inspecting.  It  was 
remarked  that  in  this  stone,  the  carbonates  of  lime  and  of 
magnesia  exist  in  nearly  equal  proportions.  In  many 
instances,  this  substance  presents  singular  examples  of 
spheroidal  structure,  induced,  it  is  conceived,  after  the 
deposition  of  the  stratified  mass. 

OBGANIC  REMAINS.  —  "We  have  already  observed,  that 
where  certain  strata  resemble  in  mineral  structure  the 
beds  above,  the  fossils  which  they  contain  often  present 
an  affinity  with  the  rocks  beneath;  and,  in  the  present 
instance,  those  of  the  Permian  partake  rather  of  the 
types  of  the  carboniferous  group  below,  than  of  the  new 
red  sandstone  above,  the  shells  being  of  the  genera  Spirifera 
and  Producta  ;  while  the  fish  are  remarkable  for  that  pecu- 
liarity of  structure  in  the  tail  called  heterocercal,  in  which 
the  vertebral  column  extends  into  the  upper  lobe,  whilst,  in 
homocercal  fishes,  the  tail  is  either  single  or  bilobed,  and 
the  spine  does  not  extend  into  either.  (Figs.  293,  294). 


FIG.  293.— Heterocercal ;  Shark.  FIG.  294.— Homocercal ;  Herring. 

On  this  peculiarity  of  the  tail  in  the  sturgeon  and  shark, 
Dr.  Buckland  remarks  that  the  prolongation  of  the  vertebral 
column  is  calculated  to  sustain  the  body  in  an  inclined 
position,  with  the  head  and  mouth  nearest  to  the  bottom. 
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Of  bhe  two  fish  above  named,  lie  observes,  that  the  former 
perform  the  office  of  scavengers,  to  clear  the  water  of 
impurities,  as  they  have  no  teeth,  but  feed  at  the  bottom, 
on  putrid  animal  and  vegetable  substances,  by  means  of  a 
soft,  leather-like  mouth,  capable  of  protrusion  and  retraction; 
hence  they  have  occasion  to  keep  their  bodies  in  the  same 
inclined  position  as  the  extinct  fossil  fishes  of  this  formation, 
the  Palfeoniscus,  whose  small  arid  numerous  teeth  show  that 
they  also  fed  on  like  substances  in  similar  situations. 


EXERCISES 

ON   THE    TB1ASIC   AND    PERMIAN    GROUPS. 

1.  Describe  the  authors  and  collections. 

2.  Point  out  the  general  features  of  these  groups. 

3.  Mention  their  principal  geographical  distribution. 

4.  Trace  their  occurrence  on  the  map. 

5.  Name  the  counties  where  they  are  developed. 

6.  State  the  division  of  the  strata. 

7.  Mention  their  mineral  composition. 

8.  Point  out  those  which  contain  organic  remains. 

9.  State   the  presumed  cause  of'  the  paucity  of  fossils 
in  some  rocks  of  this  group. 

10.  Mention  the  mineral  contents  of  the  strata. 

11.  State  the  localities  of  their  occurrence. 

12.  Mention  any  general  facts  of  interest  or  importance 
connected    with    these   deposits,   and    the    questions    and 
answers  illustrative  of  their  history. 
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THE  CARBONIFEROUS  GROUP. 

Coal-measures  of  English  ;  Terrain  Houiller  of  French  ;  Kohlen-Gebilde  of 
German  Authors. 

MUSEUMS  :  —  British  Museum,  Geological  Society,  those  of  Newcastle,  Dudley, 
Leeds,  Halifax,  Edinburgh,  Glasgow,  Dublin,  and  the  Cabinets  of  many 
Private  Collectors. 

AUTHORS  :  —  Buckland,  Lindley  and  Hutton,  Artis,  Witham,  Phillips,  Martin, 
Farey,  Brongniart,  Sternberg,  Presl,  Cotta,  Corda,  Knorr,  Schlotheim. 

CHARACTERISTICS  :  —  A  vast  group,  composed  of  alternations  of  Marine  and 
Freshwater  Strata,  beds  of  Ironstone  and  Coal,  with  Shales  and  Grits, 
remarkable  for  the  abundance  and  variety  of  their  Fossil  Plants. 


have  so  often  had  occasion  to  allude  to  the  coal  forma- 
tion, that  a  mere  outline  of  its  principal  and  characteristic 
features  will  suffice  for  the  present  description,  and  for 
more  ample  details  we  must  refer  to  the  various  works  of 
the  authors  above  quoted,  which  treat  at  length  of  this 
highly  interesting  and  important  group. 

The  coal-fields  of  the  British  islands  are  extremely 
numerous,  and  the  distribution  of  the  beds  varies  according 
to  local  circumstances.  The  following  will,  however,  be 
found  to  afford  a  general  outline  of  their  disposition  and 
arrangement. 

Coal-measures. 

Strata  of  shale,  sandstone,  and  grit,  with  occasional  seams 
of  coal  and  layers  of  ironstone. 

Millstone  grit. 

A  coarse  quartzose  sandstone,  passing  into  a  conglomerate, 
sometimes  used  for  millstones. 

Carboniferous  limestone,  or  mountain  limestone;  a  cal- 
careous rock,  containing  marine  shells  and  corals. 

The  following  table,  by  Professor  Phillips,  shows  the  com- 
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parative  structure  of  the  carboniferous  group  in  the  south  of 
England  and  South  "Wales,  Derbyshire,  and  Yorkshire. 

South  of  England.  ;         Derbyshire.  Yorkshire. 

"  Coal  Formation, Millstone 
Grit,  Yoredale  Rocks, 
Scar  Limestone,  alter- 
nations of  Red  Sand- 
stones,Clays,and  Lime- 
stone ;  Red  Sandstone, 


n    i    r<         i-        ii/r-n     (  Coal  Formation,  Mill- 
Coal   Formation   Mill-  &^Q     Q        'Lime_ 

*°™Gni      Ot  ™r 


stone   Shale,  Moun 
thick).        Mountain  4        .  .     T.  ^, 

' 


Sandstone. 


much  developed). 


and  Conglomerate. 


In  the  upper  part  of  the  coal  measures  in  Shropshire,  a 
fresh- water  deposit  extends  for  about  30  miles,  and  in  Coal- 
brook  Dale  a  fresh-water  deposit  containing  the  shells  of 
TTnio,  a  river  mussel,  is  found  to  alternate  with  a  marine 
bed  containing  Spirifera  and  Nautilus.  Analogous  con- 
ditions have  been  found  in  Yorkshire  and  Scotland. 

It  will  be  seen  that  the  coal  forms  but  a  relatively  small 
part  of  the  formation  to  which  it  gives  its  name,  since  it 
occurs  in  comparatively  thin  seams,  amid  masses  of  rock  of 
far  greater  size  and  extent. 

In  addition  to  the  remarks  already  suggested  on  the 
importance  of  coal,  we  may  observe  that  its  value,  in 
this  country,  is  enhanced  to  an  incalculable  extent  by  its 
association  with  beds  of  iron-ore  occurring  in  the  con- 
tiguous shales ;  while  these,  again,  could  not  be  fused 
without  the  aid  of  limestone,  whfch  acts  as  a  flux,  and 
promotes  the  speedy  reduction  of  the  ore.  In  other 
countries,  where  the  beds  of  coal  are  not  accompanied  by 
like  deposits,  as  in  Silesia,  where  they  are  associated  with 
rocks  of  older  date,  and  in  various  parts  of  Prance,  where 
the  coal  is  similarly  situated,  its  value  is  restricted  to  its 
mere  employment  as  fuel;  these  countries  are  thus  de- 
prived of  the  commercial  advantages  which  we  enjoy 
from  its  favourable  distribution  in  the  British  Isles. 

THE  COAL-FIELDS  OF  ENGLAND  AND  WALES. — These  are 
arranged  by  Conybeare  and  Phillips,  into 

I. — The  coal-fields  north  of  the  Trent,  comprising  those  of 

1.  Northumberland  and  Durham. 

2.  Yorkshire,  Nottinghamshire,  and  Derbyshire. 

3.  North  Staffordshire  sometimes  called  the  Pottery  coal- 
field. 

F  F  2 
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4.  Manchester. 

5.  Whitehaven. 

II. — The  Central  coal-fields,  including  those  of 

1.  Leicestershire. 

2.  North  Staffordshire. 

III.— The  Western,  divided  into 

1.  The  North-western,  containing  those  of  North  Wales. 

2.  The  Western,  comprising  those  of  the  Plain  of  Shrews- 
bury ;  of  Coalbrook  Dale  and  the  Glee  Hills. 

8.  The  South-western,  comprising  the  coal-fields  of  South 
Wales,  of  the  Forest  of  Dean,  and  those  of  Gloucestershire 
and  Somersetshire.* 

Coal  also  exists  in  Prance,  the  Netherlands,  the  banks  of 
the  Rhine,  in  Saxony  and  Bohemia,  in  Sweden  and  Russia, 
in  Persia,  China,  and  Hindostan,  in  North  and  South 
America,  and  Australia, 

IGNEOUS  HOCKS. — These  are  frequent  in  the  carboniferous 
group  of  this  country,  occurring  as  overlying  stratiform 
masses  alternating  with  sedimentary  deposits ;  but  more 
frequently  as  dikes,  which  have  penetrated  through  the 
strata.  In  England,  the  principal  intrusions  of  these 
rocks  consist  of  greenstone  and  basalt,  locally  termed  whin- 
stone  in  the  North  of  England ;  the  toadstone  of  Derbyshire, 
so  called  from  its  mottled  appearance;  and  the  basaltic  masses 
of  the  South  Staffordshire  or  Dudley  coal-field  belong  to  these 
rocks.  The  dikes  exhibit  the  effects  usually  observed  at  the 
point  of  contact  of  rocks  of  this  character  with  sedimentary 
deposits,  especially  that  of  hardening  and  crystallising  them, 
converting  shale  into  slate,  charring  coal  to  coke,  anthracite, 
and  plumbago,  and  inducing  crystalline  texture  in  lime- 
stones and  calcareous  rocks. 

VEGETABLE  ORIGIN  OF  COAL,— The  vegetable  origin  of 
this  substance  is  now  admitted,  and  no  doubt  exists,  that 
it  consists  of  the  vegetation  of  the  ancient  earth,  which  has 
been  buried  beneath  waters,  and  has  either  been  submerged 

*  Mr.  Sopwith  has  executed  some  beautiful  models,  which  exhibit,  in  the 
most  instructive  manner,  the  stratification  of  the  coal  and  the  accompanying 
deposits;  and  has  thus  depicted  the  coal  measures  of  the  Forest  of  Dean,  by 
means  of  sliding  tables,  which  display  the  amount  of  coal,  both  wrought  and 
unwrought,  as  well  as  of  the  ironstone  which  accompanies  it.  These  models 
may  be  procured  of  Mr.  Tennaut,  No.  149,  Strand. 
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on  the  place  of  its  growth,  or  conveyed  to  estuaries  or  the 
mouths  of  rivers,  and  sunk  in  spots  alternately  occupied  by 
fresh  and  salt  waters,  where,  under  the  influence  of  heat  gene- 
rated by  chemical  action,  and  the  pressure  of  the  mud,  sand, 
or  clay  deposited  by  these  streams,  the  vegetable  masses  have 
been  converted  into  coal.  The  agency  by  which  this  result  has 
been  effected  is  supposed  to  have  been  analogous  to  the  che- 
mical process  by  which  vegetable  matter  is  known  to  ferment 
and  produce  spontaneous  combustion.  If  hay  be  stacked  in  a 
moist  condition,  or  too  closely  packed,  fermentation  and  igni- 
tion are  produced,  and  the  mass  is  consumed;  if  the  process 
be  interrupted  and  combustion  prevented,  the  hay  is  found 
to  have  acquired  a  dark  brown  colour,  a  glazed  or  oily  surface, 
and  a  bituminous  odour.  The  same  phenomena  are  observed 
in  the  case  of  flax,  which  if  packed  and  pressed  in  a  damp 
state,  is  liable  to  the  same  results;  all  vegetable  substances, 
under  like  conditions,  being  exposed  to  similar  chemical 
changes.  Were  any  vegetable  matter,  in  a  moistened  state, 
placed  beneath  great  pressure,  so  as  to  prevent  its  gaseous 
elements  from  escaping,  bitumen,  lignite,  or  coal  would  be 
produced  during  the  various  stages  of  the  process.  Vege- 
table matter  has  been  traced  through  every  stage  of  the 
saccharine,  vinous,  acetous,  and  bituminous  fermentation; 
and  alcohol,  ether,  naphtha,  petroleum,  bitumen,  lignite,  jet, 
coal,  amber,  and  even  the  diamond,  have  been  ascertained 
to  be  of  vegetable  origin. 

EXPERIMENTS  OF  GOPPERT. — The  experiments  of  Pro- 
fessor Groppert,  of  Breslau,  which  have  been  followed  in  this 
country,  would  alone  be  sufficient  to  establish  the  vegetable 
origin  of  coal,  even  if  it  were  not  already  proved  beyond  the 
possibility  of  a  doubt.  Having  observed  that  the  leaf,  in  iron- 
stone nodules,  might  occasionally  be  separated,  in  the  form 
of  a  carbonaceous  film,  he  placed  fern-leaves  in  clay,  dried 
them  in  the  shade,  exposed  them  to  a  red  heat,  and  thus 
obtained  striking  resemblances  to  fossil  plants.  According 
to  the  degree  of  heat,  the  plant  was  found  to  have  become 
either  brown,  shining,  black,  or  to  be  entirely  lost,  the 
impression  only  remaining;  but  in  this  latter  case,  the 
surrounding  clay  was  stained  black,  thus  indicating  that 
the  colour  of  the  coal-shales  is  derived  from  the  carbon  of 
the  plants  which  they  include. 
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MODE  or  DEPOSIT  OF  COAL. — Although  the  vegetable 
origin  of  coal  is  admitted,  a  considerable  difference  of  opinion 
prevails  as  to  the  circumstances  under  which  it  has  become 
imbedded  in  its  present  position.  The  idea  usually  enter- 
tained is,  that  groves  and  forests  of  the  luxuriant  vegetation 
of  an  ultra-tropical  climate  were  swept  away  by  floods  and 
inundations  into  lakes,  bays,  •  estuaries,  or  the  mouths  of 
rivers ;  while  the  instances  are  few  in  which  the  coal  plants 
grew  and  were  submerged  on  the  spot ;  it  was  considered, 
that  drift  was  the  rule,  and  submergence  the  exception.  An 
opinion  the  reverse  of  this  has  recently  been  expressed,  that 
while  the  greater  part  of  the  vegetable  elements  of  coal 
have  grown  and  been  imbedded  on  the  spot,  the  cases  where 
the  plants  have  been  drifted  are  chiefly  the  accidental  results 
of  the  overflows  and  inundations  by  which  the  submersion 
was  effected.  The  following  objections  may  be  urged  against 
the  theory  that  coal  was  formed  by  drift : — 

1.  The  purity  of  coal,  and  its  freedom  from  extraneous 
substances.   Had  it  been  drifted,  it  must  have  acquired  some 
portion  of  foreign  substances  in  its  transit,  such  as  pebbles, 
gravel,  &c.;  but,  since  we  find  extensive  seams  of  coal  unmixed 
with  any  other  matters,  its  freedom  from  these  is  considered 
to  be  incompatible  with  the  idea  of  its  having  been  drifted 
from  a  distance. 

2.  The  generally  uniform  thickness  of  each  coal-seam  is 
considered  to  offer  another  difficulty.     The  lower  main  seam 
•of  the  great  northern  coal-field,  according  to  Mr.  Bowman, 
extends  over  at  least  200  square  miles,  while  a  thin  seam 
is  pointed  out  as  reaching  in  a  straight  line  from  Whaley 
Bridge  to  Blackburn,  a  space  of  thirty-five  miles.     Had  th$ 
coal  been  washed  away  by  floods  or  torrents,  such  currents, 
either  from  the  different  specific  gravity  of  portions  of  the 
same  mass,  of  the  .roots  and  stems,  for  example,  as  contrasted 
with  the  branches  and  foliage,  or  from  the  mechanical  ob- 
structions occurring  in  such  a  transit,  would  have  deposited 
them  in  an  unequal  manner ;  whereas,  no  such  effects  are 
observable  in  the  coal-seams,  which  are  invariably  free  from 
inequalities  of  this  kind. 

3.  The  exceeding  minuteness  of  many  of  the  coal-seams, 
which  thin-out  into  mere  filaments,  and  extend,  in  this  con- 
dition, over  extensive  areas  of  solid  rock,  militates  against 
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the  idea  of  any  deposit  of  so  attenuated  a  nature  having 
been  spread  over  spaces  so  large  by  the  act  of  drifting. 

4.  On  the  other  hand,  the  size  of  many  of  the  coal-seams, 
considered  with  reference  to  the  immense  compression  which 
they  have  unquestionably  undergone,  is  considered  to  furnish 
another  objection  of  insurmountable  character.     The  enor- 
mous extent  to  which  the  bulk  of  substances  may  be  reduced 
by  pressure,  can  scarcely  be  imagined,  except  by  a  reference 
to  exact  computation.     It  was  ascertained  by  Mr.  Burr  that 
a  mass  of  rubbish  which  was  left  in  a  worn-out  vein  of  iron- 
stone, during  a  period  of  two  years,  was  in  that  interval 
reduced  from  seven  to  two  feet  in  thickness,  owing  to  the 
pressure  of  the  overlying  weight.     It  was  further  changed 
into  so  hard  a  substance,  as  to  form  a  mass  of  rock,  which 
could  only  be  penetrated    by  the    operation  of  blasting. 
When  we  consider  the  great  compressibility  of  vegetable 
matter,  and  reflect  that  beds  of  coal  have  been  subject  to  the 
pressure  of  masses  of  rock  many  thousand  feet  in  thickness 
during  a  period  of  countless  ages,  and  when  we  recollect 
that  matter  so  compressed  has  formed  beds  of  great  relative 
thickness,  it  is  evident  that,  for  the  formation  of  such  deposits, 
supplies  on  the  most  enormous  scale  would  be  required,  and 
that  it  would  be  utterly  impossible  to  transport  masses  of 
vegetable  substance  so  immense  as  would  be  requisite  for 
the  formation  of  the  coal  deposit  alone. 

5.  The  high  state  of  preservation  in  which  many  of  the 
plants  occur,  the  perfect  condition  'of  the  leaves,  and  parts 
of  fructification  of  many  of  the  ferns,  the  sharp  angles  of 
numerous  stems  which  are  presumed  to  have  been  of  a  soft 
and  succulent  nature,  with  the  surfaces  of  Sigillarice  marked 
with  lines,  streaks,  and  flutings,  so  delicate  that  the  mere 
drifting   of  a   day  would  have  inevitably  destroyed  them, 
together  with  the  occurrence  of  fruits,  such  as  Cardiocarpon 
and  Lepidostrobus,  which  are  found  in  heaps  and  clusters, 
whereas  a  current  would  have  dispersed  them, — these,  with 
other  facts  of  a  like  nature,  convince  us  that  these  plants 
have  never  been  subjected  to  drift,  but  were  buried  on  the 
spots  where  they  lived  and  died. 

6.  An  additional  objection  to  the  drift  theory  is  founded 
on  chemical  facts;   it   has  been  urged,   that   if  vegetable 
matter  were  swept  away  by  a  flood,  such  an  agency,  by 
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allowing  the  gaseous  elements  to  escape,  would  be  inadequate 
to  produce  the  desired  results,  and  that  coal  never  could  be 
formed  by  such  a  process.  The  very  close  analogy  presented 
by  peat  to  lignite  and  coal  affords  a  striking  corroboration  of 
the  justice  of  such  a  view. 

7.  The  multiplied  instances  of  trees  found  erect  estab- 
lish the  fact  of  the  coal  plants  having  chiefly  grown  on 
the  spot  where  they  are  now  entombed.  Not  only  has 
Mr.  Hawkshaw  discovered  the  group  of  trees  already  de- 
scribed, on  the  line  of  the  Bolton  and  Manchester  Railway, 
but  Mr.  Conway,  on  forming  the  railway  tunnel  at  Claycross, 
five  miles  south  of  Chesterfield,  found  a  number  of  fossil 
trees,  apparently  SwiUaria,  no  fewer  than  forty  in  number, 
standing  not  less  than  three  or  four  feet  apart,  and  forming 
a  perfect  fossil  forest.  When  we  reflect  on  the  accidental 
nature  of  these  discoveries,  it  is  impossible  to  resist  the 
conviction  that  the  earth  may  contain  innumerable  forests 
entombed  on  the  spots  where  they  grew>  many  of  which  the 
progress  of  discovery  will  bring  to  light. 

The  idea  of  submergence  is  not  new.  Opinions  which  go 
to  the  support  of  this  theory  have  been  long  expressed  by 
Count  Sternberg,  Adolphe  Brongniart,  Lindley  and  Hutton, 
Hawkshaw  and  Bowman. 

Mr.  Logan,*  in  a  highly  interesting  communication  on  the 
coal  strata  of  South  Wales,  states  that  there  is  no  instance 
in  that  district  of  any  seam  of  coal  without  a  bed  of  under- 
clay  abounding  in  Stigmaria  ficoides,  a  marshy  plant 
which  existed  in  such  abundance  as  to  have  formed,  as 
he  conjectures,  the  chief  source  of  our  fossil  fuel.  In  a 
second  communication,  on  the  coal-fields  of  Pennsylvania,  he 
states  that  the  same  phenomenon  of  the  underclay  prevails 
throughout  those  deposits. 

So  much  light  has  been  thrown  on  the  formation  of  coal 
by  these  and  similar  observations,  that  an  opinion  now  pre- 
vails that  the  vegetation  which  produced  the  coal  grew  in 
broad  and  shallow  lagoons  or  sheets  of  water,  receiving  at 
intervals  deposits  of  silt  and  mud,  the  detritus  of  neighbour- 
ing land.  These  streams  were  speedily  filled  up  by  the 
growth  of  a  profusion  of  Stigmaria,  until,  by  the  accumula- 

*  See  Proceedings  of  Geological  Society,  vol.  iii.,  No.  69,  p.  275. 
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tion  of  mud,  silt,  sand,  and  the  admixture  of  decayed  vege- 
table matter,  the  lagoon  was  converted  into  a  morass.     A 


fresh  vegetable  growth  now  ensued,  of  a  somewhat  different 
character,  consisting  of  reed-like  plants,  Equiseta  and  Gala- 
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mites,  with  here  and  there  a  larger  tree.  The  spoils  of  these 
plants  may  have  furnished  materials  for  beds  of  peat  and 
coal,  resting  on  a  base  composed  of  the  remains  of  Stigmaria. 
The  lagoon  or  the  morass,  by  repeated  subsidences,  may 
have  sunk  beneath  the  level  of  the  sea,  and  have  rendered 
the  basin  the  receptacle  of  alternating  deposits  of  sand  and 
clay,  and  may  thus  have  produced  the  strata  of  sandstone 
and  limestone  which  occur  between  seams  of  coal.  As  each 
deposit  was  formed,  it  may  have  been  covered  either  wholly 
or  in  part  by  a  lagoon,  when  the  same  succession  of  vegetable 
growth  and  deposit  may  have  ensued. 

The  alternation  of  beds  of  coal  with  marine  deposits  is 
explained  by  the  supposition  that  an  extensive  subsidence  of 
the  estuaries,  which  were  the  site  of  the  lacustrine  and 


FIG.  296.— Section  showing  the  erect  position  of  fossil  trees  in  coal  sandstone 
at  St.  Etienne.    (A.  Brongniart.) 

terrestrial  vegetation,  may  have  reduced  them  beneath  the 
level  of  the  sea,  where  the  submerged  soil  with  its  vegetation 
was  covered  with  marine  sediments ;  in  course  of  time,  either 
by  drifts  of  sand  or  clay  from  the  land,  or  by  the  elevation 
of  the  bed  of  the  sea,  the  estuaries  were  again  filled,  and 
became  the  area  of  the  vegetable  growth  above  named,  while 
the  repetition  of  such  changes  would  account  for  the  alter- 
nation of  marine  and  lacustrine  strata  which  occur  in  beds  of 
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coal.  Pig.  295,  representing  a  virgin  forest  of  the  Isle 
of  Grouahan,  one  of  the  Mariana  Islands,  will  enable  the 
student  to  form  an  idea  of  the  character  of  the  vegetation 
which  is  supposed  to  have  produced  the  coal-fields. 

EEECT  FOSSIL  TEEES. — These  have  been  found  in  various 
parts  of  the  Continent  as  well  as  of  this  country.  At 
fSt.  Etienne,  near  Lyons,  a  fossil  forest  appears,  the  stems 
of  the  trees  standing  nearly  vertical.  (Fig.  296.) 

A  single  tree  was  discovered  some  years  since,  at  Craigleith, 
in  a  sandstone  quarry,  near  Edinburgh.  (Fig.  297  ) 


FIG.  297.— Inclined  position  of  a  fossil  tree  in  a  sandstone  quarry  near  Edinburgh. 
Angle  of  inclination,  27°. 

Those  discovered  by  Mr.  Hawkshaw  on  the  Bolton  and 
Manchester  railway  are  here  figured.  (Fig.  298.) 

The  following  description  will  afford  an  idea  of  their 
position,  appearance,  and  general  characters.  Another  tree 
has  subsequently  been  discovered  on  the  opposite  side  of  the 
railway,  making  the  entire  number  six.  The  section  of 
the  strata  gives  the  following  as  their  order  and  composition. 
1.  Sand,  intermixed  with  patches  of  loam ;  2.  An  intermix- 
ture of  argillaceous  and  siliceous  shales ;  3.  Siliceous  shale ; 
4.  A  vein  of  coal,  two  feet  in  thickness ;  5.  Blue  and  white 
argillaceous  shale,  in  which  the  trees  are  embedded.  The 
five  trees  are  nearly  in  a  straight  line,  and  being  parallel  to 
the  direction  of  the  railway,  they  stand  obliquely  across  the 
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dip  of  the  strata.  In  the  direction  of  the  section,  a  line 
drawn  through  the  root  of  the  trees  is  conformable  to  the 
inclination  of  the  strata ;  and  in  the  direction  of  the  new  dip, 
this  is  still  more  plainly  the  case ;  the  large  spreading  roots 
of  Nos.  2  and  5  being  quite  conformable  TO  the  inclination 
of  the  stratum  in  which  they  rest ;  and  the  roots  of  the 
others  are  equally  so,  to  the  extent  to  which  they  are  seen, 
but  being  less  exposed,  they  are  not  so  evident  in  this 
respect.  The  whole  of  the  stems  stand  nearly  at  right 
angles  to  the  plane  of  stratification.  They  are  imbedded 
chiefly  in  a  soft,  argillaceous  blue  shale,  but  that  which 
surrounds  the  upper  end  of  No.  1  is  of  a  more  siliceous 
nature.  In  the  same  plane  as  the  roots,  a  thin  stratum  of 
coal  has  been  found  as  far  as  the  excavations  have  extended. 
The  trees,  when  discovered,  had  each  a  coating  of  coal, 
which  was  so  friable  that  it  crumbled  to  pieces  in  removing 
the  shale.  It  is  supposed  to  have  been  the  bark  of  the  trees 
carbonised,  since  they  now  appear  completely  decorticated, 
and  present  various  flutings.  The  largest,  No.  1,  is  about 
fifteen  feet  in  circumference  at  its  base,  seven  feet  and  a 
half  at  its  top,  and  eleven  feet  in  height.  The  next, 
No.  5,  is  seven  feet  and  a  half  in  circumference,  and  two 
feet  and  a  half  in  height ;  while  Nos.  3  and  4  are  of  smaller 
size,  being  respectively  three  and  five  feet  in  height  and  six 
in  circumference. 


EXERCISES 

ON   THE   CARBONIFEROUS    GROUP. 

1.  Name  the  authors  and  collections.  '  ...' 

2.  Mention  the  chief  characteristics  of  the  group. 

3.  State  the  usual  arrangement  of  the  beds. 

4.  Describe  the  chief  coal-fields  of  England. 

5.  Explain  the  origin  of  coal. 

6.  Describe  its  deposition  by  subsidence,  and  state  the 
reasons  for  ascribing  it  to  this  agency,  rather  than  to  drift. 

7.  Explain  the  nature  of  its  vegetation. 

8.  Describe  the  character  of  its  climate. 

9.  State  any  general  phenomena,  and  pursue  the  accus- 
tomed method  of  question  and  answer. 


CHAPTEE  XVIII. 


THE   MOUNTAIN   LIMESTONE. 

The  Carboniferous  or  Mountain  Limestone  of  English ;  Calcaire  Carbonifere, 
Calcaire  Anthracifere,  Calcaire  de  Transition  of  French  Authors. 

MUSEUMS: — Geological  Society,  Bristol,  York,  and  Dudley,  Institutions; 
Collection  of  Mr.  Gilbertson,  now  transferred  to  the  British  Museum ; 
that  of  Dublin,  &c. 

AUTHORS  : — Martin,  Miller,  Sedgwick,  Phillips,  Murchison,  Conybeare. 

CHARACTERISTICS  : —  A  Marine  deposit,  abounding  in  Zoophytes  (chiefly 
Crinoidea),  Shells,  Fishes,  and  other  marine  exuviae,  remarkable  for  the 
abundance  and  variety  of  its  mineral  productions,  its  caverns,  and 
fissures. 

THE  practice  of  bestowing  new  names  on  objects  familiar  to 
science,  is  neither  commendable  nor  useful ;  yet  the  forma- 
tion we  are  about  to  describe  seems  to  require  some  more 
appropriate  appellation  than  that  by  which  it  is  usually 
distinguished.  The  term  carboniferous  properly  signifies 
"bearing  coal,"  whereas  this  limestone,  with  perhaps  the  single 
exception  of  the  Berwickshire  coal-field,  never  contains  that 
substance ;  while  the  name  mountain-limestone  is  equally  ill 
bestowed  on  a  rock,  which,  both  in  this  country,  Ireland, 
and  on  the  Continent,  frequently  occupies  valleys. 

GEOGRAPHICAL  DISTRIBUTION. — It  is  extensively  deve- 
loped over  the  northern  and  western  parts  of  England,  in 
Derbyshire,  Shropshire,  Somersetshire,  and  Gloucestershire, 
lying  between  the  coal  and  the  more  ancient  rocks  beneath, 
In  Cumberland  and  Westmoreland  it  attains  considerable 
elevations,  partly  encircling  the  mountains  of  slaty  rocks : 
while  in  Derbyshire  and  Yorkshire  it  rises  to  independent 
peaks  and  hills,  presenting  scenery  of  the  wildest  and  most 
picturesque  character. 

MINERAL  PRODUCTIONS. — These  are  more  abundant  in 
this  formation  than  in  any  hitherto  described.  The  rock 
itself  is  of  sub-crystalline  texture,  and  is  susceptible  of  a  high 
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polish.  Fluor-spars  occur  abundantly  in  veins  in  the  vicinity 
of  Castleton,  and  the  manufacture  of  this  substance  into 
cups,  vases,  &c.,  constitutes  a  local  branch  of  industry  of 
considerable  importance.  Manganese,  copper,  zinc,  barytes, 
and  iron,  also  exist  in  this  formation ;  but  the  most  abundant 
ore  is  the  sulphuret  of  lead  or  galena,  of  which  there  are 
several  extensive  mines. 

OKUANIC  REMAINS. — These  consist  of  an  abundance  of 
corals,  chiefly  of  the  genera  which  form  coral  reefs :  there 


FIG.  299.— Bellerophon  cornu-arietis.    2.  Prodncta  scabricnla.    3.  Spirifera 
trigonalis.    4.  Producta  punctata.    6.  Orthoceras  uqdatum. 

are  also  great  numbers  of  crinoidea,  the  debris  of  which 
make  up  extensive  beds  of  limestone.  Of  the  conchiferous 
mollusca  the  prevailing  genera  are  Spirifera  and  Producta. 
Of  cephalopoda,  the  prevalent  genera  are  Orthoceras,  Gonia- 
tites,  and  Nautilus.  The  Orthoceras  was  a  chambered  shell, 
like  a  nautilus,  but  uncoiled  and  straight:  the  Goniatites 
have  the  borders  of  the  septa  free  from  denticulations.  The 
JSuomphalus  is  an  extinct  genus  of  univalves,  extremely 
abundant  in  this  limestone.  The  interior  is  often.  divide*d 
by  septa,  but  the  partitions  of  these  chambers  are  not 
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perforated  as  in  forameniferous  shells,  or  in  those  which 
have  a  siphuncle,  like  the  nautilus.  The  Bellerophon 
was  long  considered  to  be  the  shell  of  a  cephalopod,  but 
as  it  has  no  septa,  it  is  now  classed  among  the  gasteropoda ; 
it  was  very  prevalent  in  the  carboniferous  seas.  The 
plate  299  contains  figures  of  some  of  the  most  common 
shells  of  this  group.  The  Crustacea  were  represented  in  the 
carboniferous  fauna;  small  CYPEOID^:,  belonging  to  the 
genera,  Cythere,  Cypridina,  and  Cyprella,  with  Limidus,  Apus, 
and  Trilobites  are  found.  Air-breathing  articulata  have  like- 
wise been  obtained;  a  scorpion  was  discovered  by  Count  Stern- 
berg  in  the  coal  formation  near  Prague,  which  furnishes 
another  proof  that,  during  this  epoch,  the  centre  of  Europe 
had  a  temperature  similar  to  that  which  characterises  the 
intertropical  regions  of  the  present  day.  Coleopterous 
insects,  belonging  to  the  family  Curculionidce  and  neurop- 
tera,  of  the  genus  Corydale,  have  been  found  at  Coalbrook 
Dale,  and  in  Germany  several  species  of  orthoptera.  The 
mountain  limestone  of  Bristol  has  yielded  some  fine  speci- 
mens of  ichthyolites,  as  the  teeth  and  ichthyodorulites  of 
Placoid  fishes ;  the  heterocercal  Lepidoid  fishes,  as  Amllyp- 
terus  and  Palteoniscus,  and  the  heterocercal  Sauroids,  as 
MegalicJitys  and  Acrolepis,  are  found  in  this  formation,  with 
many  other  families  and  genera  which  our  limits  compel  us 
to  omit  from  the  enumeration. 

Professor  Yon  Dechen  found  in  the  coal-field  of  Saar- 
briick  three  species  of  reptiles  referred  by  Groldfuss  to 
the  genus  Archegosaurus ;  the  skulls,  teeth,  and  portions  of 
the  skeleton  have  been  found.  The  true  position  of  these 
ancient  reptiles  has  not  been  determined ;  they  are  supposed 
to  be  nearly  related  to  the  Labyrinthodon;  their  tegumentary 
covering  consisted  of  long,  narrow,  wedge-shaped,  tile-like, 
horny  scales,  arranged  in  parallel  rows.  Footprints  of 
reptiles  have  been  discovered  in  the  coal  strata  of  the 
United  States. 

CAVERNS. — The  mountain-limestone  is  remarkable  for  the 
extensive  caverns  which  prevail  in  the  strata  of  some  regions, 
as  those  of  Derbyshire,  Devon,  Somerset,  and  various 
parts  of  Ireland.  Many  of  these  are  the  channels  of 
subterranean  streams,  which  are  conducted  into  them 
through  fissures  in  the  strata. 
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These  caverns  are  also  remarkable  for  the  stalactites 
and  stalagmites  they  contain.  The  explanation  of  these 
phenomena  is  as  follows: — The  water,  flowing  through 
limestone  rocks,  dissolves  a  portion  of  the  lime,  and  on 
reaching  an  opening,  such  as  a  cavern,  at  its  sides  or  roof, 
it  forms  a  drop,  the  moisture  of  which  evaporates,  and  leaves 
a  small  circular  plate  of  calcareous  matter,  which  is  increased 
by  the  constant  dropping  of  the  water.  In  process  of  time 
continual  accumulations  of  this  nature  form  long  pendent 
points  like  icicles ;  for  a  stalactite  may  be  said  to  be  an  icicle 
of  stone,  as  an  icicle  may  be  said  to  be  a  stalactite  of  frozen 
water.  When  the  supply  of  water  holding  lime  in  solution 
is  too  rapid  to  allow  of  its  evaporation  at  the  bottom,  of  the 
stalactite,  it  drops  to  the  floor  of  the  cavern,  dries  up, 
and  forms  in  like  manner  a  stalactite  rising  from  the  ground, 
which,  for  the  sake  of  distinction,  is  termed  a  stalagmite, 
Where  the  two  unite,  they  form  natural  columns.  The 
most  celebrated  caves  of  this  kind  are  the  Grotto  of 
Antiparos,  in  'Greece ;  that  of  Adelsberg,  in  Styria ;  and 
AVeyer's  cave,  in  the  TJnited  States. 


EXEECISES 

ON   THE    CABBONIFEBOTJS    OB   MOUNTAIN   LIMESTONE. 

1.  State  the  characteristics  of  the  formation. 

2.  Point  out  its  geographical  distribution. 

3.  Trace  its  course  on  the  map. 

4.  Name  the  localities  in  which  it  prevails. 

5.  Describe  its  organic  remains. 

6.  Mention  its  mineral  contents. 

7.  State  any  facts  of  general  interest,  and  pursue  the 
method  of  question  and  reply  as  before. 
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THE    DEVONIAN    GROUP. 

Old  Red  Sandstone,  or  Devonian  System,  of  English  Authors ;  Gres  Rouge 
Intermediate,  of  French  ;  Grauwacken-Gebilde,  of  German  Authors. 

MUSEUMS  : — British  Museum  ;    Geological  Society  ;    various  Collections   in 
Scotland. 

AUTHORS  : — Miller,  Murchison,  Sedgwick,  Boue,  De  Verneuil,  Agassiz. 
CHARACTERISTICS  : — A  Marine  deposit,  chiefly  remarkable  for  its  Fossil  Fishes. 

THIS  group  affords  a  striking  illustration  of  the  progressive 
nature  of  geological  inquiry.  Up  to  a  recent  period,  the  old 
red  sandstone  was  regarded  as  a  subordinate  member  of  the 
carboniferous  series,  and  from  its  supposed  paucity  of  fossils 
was  usually  passed  over  in  silence  and  neglect. 

Owing,  however,  to  the  researches  of  modern  geologists, 
and  in  particular  of  that  distinguished  observer  by  whom  the 
Silurian  rocks  have  been  raised  to  the  rank  of  a  distinct 
system,  the  Devonian  has  been  found  to  form  an  important 
group  in  the  palaeozoic  series,  characterised  by  a  well- 
developed  and  distinctly  denned  fauna. 

The  name  is  derived  from  the  circumstance  of  this  group 
being  extensively  developed  in  Devonshire.  A  triple 
subdivision  has  been  proposed  by  Sir  R  Murchison.* 

I.  QUARTZOSE  CONGLOMERATES  AND  SANDSTONE. 

(a).  The  upper  beds  consist  of  quartzose  grits,  with  a 
slight  calcareous  cement,  or  pink  and  reddish  quartzose  con- 
glomer'ates,  passing — 

(b).  Downwards  into  chocolate,  brown,  and  reddish,  coarse- 

*  Silurian  System,  page  170,  et  seq. 
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grained  sandstone,  with  alternating  bands  of  red  and  green 
argillaceous  marls. 

(a).  The  picturesque  cliffs  of  Symond's  Tat,  between 
Monmouth  and  Ross ;  on  the  right  bank  of  the  Wye,  to  the 
north  of  Tintern  Abbey ;  and  along  the  summit  of  Went- 
wood,  between  Chepstow  and  Usk. 

(b).  The  Tan  bwlch-y-chwyth,  near  Trecastle;  the  Daren, 
two  miles  north  of  Crickhowell. 

Fish — Holoptychius  nobilissimus. 


II.    COENSTOKE   AND   MAEL. 

Bed  and  green  argillaceous  and  spotted  marls,  with  alter- 
nating bands  of  sandstone,  or  with  irregular  courses  of  con- 
cretionary impure  limestone  (Cornstone),  mottled,  red,  and 
green. 

The  cliffs  under  the  castle  at  Lanstiphan,  near  the  mouth 
of  the  Towy ;  in  the  vicinity  of  Hay ;  and  in  the  valley  of 
the  Usk,  near  Abergavenny. 

Fishes— -Cephaiaspis  and  OncTius. 


III.    TlLESTOKE. 

Finely-laminated,  hard,  reddish  or  green,  micaceous, 
quartzose  sandstones,  which  split  into  tiles  ;  with  occasional 
beds  of  reddish  shale. 

In  the  gorge  of  the  Teme,  between  Ludlow  and  Downton 
Castle,  near  the  Tin  Mill;  Oakley  Park,  Ludlow.  Horeb 
Chapel ;  the  valley  of  the  Cwm  Dwr,  between  Trecastle  and 
Llandovery. 

Fishes — Dipterus,  Onckus,  and  various  genera  of  Mollusca. 

In  Scotland  this  system  is  also  largely  developed,  in  Caith- 
ness and  Cromarty,  as  described  by  Mr.  Miller ;  *  in  Dura 
Den,  south  of  Cupar,  in  the  valley  of  Strathmore  and  adja- 
cent district,  as  observed  by  Sir  C.  Lyell.f 

*  Hugh  Miller,  Old  Red  Sandstone, 
•j*  Elements  of  Geology,  vol.  ii.,  page  148. 
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The  thickness  of  the  English  group  is  estimated  on  an 
average -at  10,000  feet,  but  in  Scotland  it  is  conjectured  to 
be  much  greater.  In  addition  to  the  localities  given  in  the 
above  table,  it  is  largely  developed  in  the  south  of  Devon,  in 
Shropshire,  Herefordshire,  and  the  border-counties  of  Wales ; 
on  the  Continent  it  occurs  in  Germany,  and  extends  over 
vast  areas  in  Eussia,  south  of  St.  Petersburg!!. 

IDENTITY  or  THE  OLD  BED  SANDSTONE  or  HEREFORD  AND 
DEYON. — Doubts  were  entertained  for  a  considerable  period 
as  to  whether  the  old  red  sandstone  of  Devon  and  that  of 
Hereford  were  identical;  these  doubts  being  chiefly  suggested 
by  the  fact  that  the  strata  of  Devon  contained  shells  of  the 
genera  OrtJiis,  Spirifera,  Productus,  Terebratula,  &c.,  which 
were  not  found  in  the  rocks  of  Hereford;  whilst  the 
latter  afforded  fishes  which  were  not  found  in  those 
of  Devon.  Sir  B.  Murchison,  however,  in  his  first  visit 
to  Bussia,  in  1840,  discovered,  in  strata  appertaining  to  the 
old  red  sandstone,  the  fishes  of  Hereford  and  Scotland,  in 
the  same  beds  with  the  shells  of  Devon.  Sir  B.  Murchison 
and  Professor  Sedgwick  have  further  shown  that  the  equiva- 
lents of  the  Devon  rocks  exist  in  the  Bhenish  provinces, 
and  adjacent  parts  of  G-ennany.  Certain  corals,  as  Cya- 
thophyllum  ccespitosum,  Forties  pyriformis,  and  Favosites 
polymorpka,  with  the  shells  JMIegalodon  cucullatus,  Cal- 
ceola  sandalina,  and  StrygocepJialus  Burtini  are  characteristic 
of  the  rocks  of  Devon,  and  of  the  Eifel  in  Germany. 

Among  the  gasteropoda  are  species  of  Pleurotomaria, 
Euomphalus,  Bellerophon,  Nerita,  and  Natica,  &c.;  the 
cephalopoda  are  represented  by  the  genera  Aganides, 
Cfymenia,  Gyroceras,  Gyrtoceras,  Stenoceras.  The  articulata 
of  this  group  belong  to  the  family  of  Trilobites.  The  rocks  of 
Devon  have  yielded  specimens  of  Calymene,  Asaplius, 
Harpes,  Homalonotus,  and  Brontes,  one  species  of  which 
(_B.  fldbellifer)  is  common  to  the  Devonian  rocks  of  the 
Eifel  and  South  Devon. 

This  group  is  well  developed  in  Germany :  the  limestones 
of  the  Eifel,  so  long  celebrated  for  their  fossil  remains, 
belong  to  the  lower  part  of  this  system,  and  lie  in  a  basin 
supported  by  Silurian  rocks. 

In  Bussia  the  Devonian  system  occupies  a  wide  area 
south  of  St.  Petersburgh,  and  contains  a  fauna  similar  to 
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that  which  characterises  this  group  in  our  island,  containing 
fishes  of  the  genera  Holoptychius,  Coccosteus,  Diplopterus, 
&c.,  associated  with  mollusca  of  the  same  genera  as  those 
found  in  the  Devonian  rocks  in  Western  Europe. 

The  Devonian  group  is  well  developed  in  the  United 
States  at  the  Falls  of  the  Ohio.  At  Louisville,  in  Kentucky, 
Sir  Charles  Lyell  *  states  that  "  there  is  a  grand  display  of 
one  of  the  limestones  of  this  period,  resembling  a  modern 
coral  reef.  A  wide  extent  of  surface  is  exposed  in  a  series 
of  horizontal  ledges,  at  all  seasons  when  the  water  is  not 
high ;  and  the  softer  parts  of  the  stone  having  decomposed 
and  wasted  away,  the  harder  calcareous  corals  stand  out  in 
relief,  and  many  of  them  send  out  branches  from  their  erect 
stems,  precisely  as  if  they  were  living.  Among  other  species 
large  masses,  not  less  than  five  feet  in  diameter,  of  Favosites 
gothlandica  were  observed,  with  its  beautiful  honeycomb' 
structure  well  displayed ;  and,  by  the  side  of  it,  the  Favis- 
tella,  combining  a  similar  honeycombed  form  with  the  star 
of  the  Astrcea.  There  was  also  the  cup-shaped  CyatTio- 
pliyllum,  and  the  delicate  net-work  of  the  Fenestella,  and 
that  elegant  and  well-known  European  species,  the  'chain 
coral,'  Catenipora  eschar  aides,  with  a  profusion  of  others. 
These  coralline  forms  were  mingled  with  the  joints,  stems, 
and  occasionally  the  heads,  of  encrinites." 

FOSSIL  FISHES. — The  most  prevalent  organic  remains 
contained  in  the  subdivisions  of  this  group  in  Scotland 
consist  of  fossil  fishes,  belonging  to  the  genera  Holoptychius, 
Cephalaspis,  PtericJitTii/s,  Coccosteus,  Diplopterus,  Dipterus, 
and  CJieir acanthus.  Eight  species  of  Pterichthys  (or  winged 
fish)  are  known.  Fig.  192  represents  the  under-surface  of 
one  of  these.  The  singular  fins,  with  their  strong  points 
and  oar-like  blades,  were  weapons  of  defence,  which,  like 
the  occipital  spines  of  the  river  bull-head  {Coitus  gobio), 
were  erected  in  moments  of  danger  or  alarm,  and  at  others 
lay  close  to  the  creature's  side ;  the  tail  being  the  sole 
instrument  of  motion. 

The  genera  Dipterus  and  Diplopterus  are  thus  named, 
because  their  two  dorsal  fins  are  so  placed  as  to  front  the 
anal  and  ventral  fins,  and  appear  like  two  pairs  of  wings. 

[  *  Manual  of  Elementary  Geology,  Third  Edition,  p.  349. 
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Figure  191  represents  the  Coccosteus. .  This  remarkable  fish 
had  a  large  head,  covered  with  osseous  plates,  the  mouth 
armed  with  small  conical  teeth,  and  the  body  terminated  in 
a  long  flexible  tail ;  it  possessed  an  anal  and  dorsal  fin,  but 
had  no  pectorals ;  three  species  are  known.  For  a  most 
interesting  and  graphic  description  of  these  fishes,  the 
student  should  consult  Mr.  Millar's  work,  already  quoted, 
and  especially  the  able  monograph  by  Professor  Agassiz,  on 
the  fishes  of  the  old  red  sandstone. 


EXEECISES 

ON   THE    DEVONIAN    GROUP. 

1.  Describe  the  authors  and  collections. 

2.  State  the  general  characteristics. 

3.  Mention  its  geographical  distribution. 

4.  Describe  its  organic  remains,  and  follow  the   usual 
method  of  question  and  reply. 


CHAPTEE  XX. 


THE   SILURIAN   GROUP. 

Silurian  System  of  Sir  R.  Murchison  and  English  Authors;  Systemes  Quartzo- 
Schisteux  superieurs  et '  inferieurs  of  M.  Dumont ;  Palaeozoic  Rocks  of 
Authors. 

MUSEUMS  : — Geological  Society ;  Museums  of  Dudley,  Ludlow,  &c. ;  Collec- 
tion of  Sir  R.  Murchison,  Mr.  Grey,  and  of  other  Local  Collectors. 

AUTHORS  : — Murchison,  De  Verneuil,  Dumont,  Barrande. 

CHARACTERISTICS  : — A  Marine  deposit  of  vast  extent  containing  a  number  and 
variety  of  Marine  organic  remains. 

THIS  group,  which  was  formerly  imperfectly  known,  and  classed 
under  the  general  denomination  of  grey-wacke  or  transition 
rocks,  has  been  most  ably  investigated  by  Sir  R.  Murchison, 
to  whose  great  work  on  the  subject  we  must  refer  for  com- 
plete details.  The  name  of  Silurian  has  been  bestowed  on 
this  group  in  consequence  of  the  districts  which  it  occupies 
in  this  country  being  those  formerly  inhabited  by  that  tribe 
of  the  ancient  Britons  named  the  Silures. 

GEOGRAPHICAL  DISTRIBUTION.— The  Silurian  strata  ex- 
tend from  the  heart  of  South  Wales  to  that  of  England, 
over  the  counties  of  Eadnor,  Montgomery,  Caermarthen, 
Brecon,  Pembroke,  Monmouth,  Gloucester,  Worcester,  Here- 
ford, and  Shropshire.  They  are  classified  into  two  divisions, 
the  Upper  and  Lower  Silurian,  which  are  again  subdivided 
into  two  upper  and  two  lower  stages. 


UPPER   SILURIAN    ROCKS. 
1.  Upper  Ludlow.       Micaceous  grey  sandstone. 


•  Argillaceous  Ihneston, 

q    r  nwm-  T  ndlnw     I  Strata   with   concretionary 
•     i     limestone. 


Containing 'shells  of 
every  class,  brachi- 
opoda  most  abun- 
dant, corals  and  sau- 
roidiSsh.  Thickness 


2000  feet, 
hells  as  be 

formation.  (2.  Wenlock  shale.   '  Argillaceous  shale.  (     ness  1800  feet. 
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LOWER   SILURIAN    ROCKS. 

3.        ")  ("Flags  of  shelly  limestone  ( 

Caradoc    ^Caradoc  sandstones.^     and  sandstone  with  white       cu  uullc> 

formation.)  (     freestone.  (     Thickness  2500  feet 

Llandeilo  JLlandeilo  flags.       {Dark   coloured    calcareous! M^a   ^^ 
formation.)  <     flaS"-  (     1200  feet. 

I.  UPPEE  SILTJEIAN  EOCKS. 

The  Upper  Ludlow. — The  first  member  of  the  upper  series 
consists  of  a  grey  calcareous  sandstone  containing  the  spines, 
scales,  and  teeth  of  fishes  of  the  genera  Sphagodus,  Ptery- 
gotus,  Plectrodus,  Sclerodus,  Theloclus,  and  Onchus.  The 
shells  belong  to  the  genera  Avicula,  Cypricardia,  Leptcena, 
Atrypa,  Orthis  orbicularis  (1),  and  Terebratula  navicula  (2), 
(fig.  300),  are  very  abundant  in  some  beds. 

The  Aymestry  limestone  consists  of  a  sub  crystalline 
argillaceous  limestone,  about  fifty  feet  thick,  in  which  Pen- 
iamerus  Knightii  (4)  is  very  abundant ;  it  also  occurs  in  the 
lower  Ludlow:  this  singular  brachiopod  was  found  in 
myriads,  dispersed  through  a  white  limestone  of  the  upper 
Silurian  group  on  the  banks  of  the  Is,  on  the  eastern  flank 
of  the  Urals,  in  Russia.  The  Aymestry  limestone  contains, 
likewise,  Lingula  Lewesii,  Terebratula  Wilsoni,  and  Atrypa 
affinis  (5)  ;  the  latter  shell  has  a  wide  vertical  range,  being 
common  to  all  the  Silurian  stages,  the  Llandeilo  flags 
excepted. 

The  Lower  Ludlow  Shale  consists  of  a  dark  grey  argil- 
laceous deposit,  containing  Graptolithus  Ludensis,  a  form  of 
Silurian  zoophyte,  supposed  to  be  allied  to  the  Pennatula,  or 
sea-pen  of  our  seas;  here,  likewise,  are  found  Orthoceras 
Ludensis,  Lituites  giganteus  (7),  and  Phragmoceras  ventrico- 
sum  (6),  (fig.  300.)  Homalonotus  delphinocephalus  (fig.  176) 
is  the  trilobate  common  to  this  stage  and  the  Wenlock  lime- 
stone, and  is  remarkable  for  having  the  longitudinal  furrows 
of  the -carapace  nearly  obliterated,  and  forming  a  type  of 
this  singular  family  of  Crustacea,  which  is  special  to  the 
Silurian  rocks. 

The  Wenlock  Formation. — The  lower  division,  comprising 
the  Wenlock  formation,  is  subdivided  into  two  portions,  the 
upper  being  the  Wenlock,  or  Dudley  limestone,  and  the 
lower  the  Wenlock  shale.  Its  characteristic  fossils  are 
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PJiacops  caudatus,  and  Calymene  Blimenbachii,  together 
with  corals  of  the  genera  Catenipora,  Porites,  and  Cysti- 
pJiyllum  ;  the  organic  remains  partake  rather  of  the  character 
of  the  lower  Silurian  formations  beneath,  than  of  the  Upper 
Ludlow  above. 

The  Wenlock  Shale  contains  many  fossils;  among  the 
corals,  Cystipliyllum  and  Porites  prevail;  the  brachiopods 
are  represented  by  the  genera  Lingula  and  Atrypa ;  many 
of  the  other  Silurian  species  extend  into  this  shale,  which 
attains  a  thickness  of  700  feet. 


II.  THE  LOWER  SILURIAN  ROCKS. 

These  have  been  subdivided  into  two  portions,  the  Caradoc 
sandstone  and  the  Llandeilo  flags :  the  former  is  best  deve- 
loped in  the  vicinity  of  the  Caradoc  hills,  in  Shropshire;  the 
latter  in  Caermarthenshire. 

THE  Oaradoc  sandstone. — The  characteristic  fossils  of 
this  rock  consist  of  various  species  of  Atrypa,  Leptcena, 
Orthis,  Pentamerus,  Bellerophon,  and  Orthoceras,  with  Ten- 
faculties,  supposed  to  be  the  sheath  of  a  worm  nearly  allied 
to  Serpula.  In  the  Caradoc  of  Gloucestershire  many  beautiful 
corals  are  found. 

THE  Llandeilo  flags. — These  contain,  as  their  charac- 
teristic shells,  several  species  of  Euompnalus,  Lituites, 
&c.,  gigantic  trilobites,  AsapTius  Buchii,  and  Asaphus  tyran- 
nus,  with  numerous  smaller  forms  belonging  to  the  genus 
Trinucleus.  In  the  fine  shales  of  this  formation  Graptolites 
are  very  abundant. 

DISTRIBUTION  OF  THE  SILURIAN  GROUP. — The  Silurian 
strata  have  been  discovered  in  various  parts  of  the  Continent. 
Sir  R.  Murchison  found  them  in  Belgium,  the  banks  of  the 
Rhine,  Westphalia,  and  Nassau ;  in  the  north  of  Germany, 
the  extreme  parts  of  Russia,  and  at  the  very  confines  of  the 
old  world;  the  American  geologists  have  shown  that  they 
are  extensively  developed  in  the  lake  region  of  North 
America.* 

*  In  his  great  work  on  the  Silurian  Sy8tem,  Sir  R.  Murchison  has  given 
a  profusion  of  sections,  numerous  beautiful  plates  of  fossUs,  and  a  largs 
geological  map  of  the  Silurian  region  of  England  and  Wales 
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The  accompanying  illustration  contains  figures  of  a  few  of 
the  most  prevalent  Silurian  shells.     (Pig.  300.) 


FIG.  300. — 1.  Orthis  orbicularia.  2.  Terebratula  navicnla.  3.  Orthis  navicularis 
4.  Pentamerus  Knightii.  5.  Atrypa  affinis.  6.  Phragmoceras  ventricosum. 
7.  Lituites  giganteus. 

CAMBEIAN   AND    CTJMBEIAN    GEOTTPS. 

THE  CAMBRIAN  G-EOTJP  consists  of  a  vast  series  of  rocks, 
of  a  slaty  character,  in  some  of  which  fossils  have  been  found. 
The  iipper  beds  of  Snowdon  contain  two  species  of  corals 
(Cyathophyllum)  and  six  of  the  older  forms  of  Terebratula. 
Professor  Sedgwick  divides  this  group  into  the 

Plynlymmon  rocks. — Argillaceous  indurated  rocks,  sandy 
or  slaty. 

Bala  limestone. — Dark  laminated  limestone  and  slate. 
Snowdon  rocks. — Pine  and  coarse-grained  slaty  rocks. 

THE  CUMBRIAN  GEOUP. — The  Possiliferous  slates  of  the 
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Lake  district  extending  from  the  Coniston  Limestone  to  the 
valley  of  the  Lune,  are  divided  into  five  formations. 

,   f  c.  Greenish  Grey  and  Red  Flagstones. 

vPer,  ,  «    b.  Grits  and  Slates,  with  Upper  Ludlow  Fossils. 

[  a.  Coarse  Slates  passing  into  No.  4,  d. 
(  d.  Coarse  Slates,  Flags,  and  Grits,  with  Terebratula 

navicula,  and  Upper  Ludlow  Fossils. 
4.  Ireleth  Slates  .  .   -j    c.  Upper  Ireleth  Slates. 

b.  Calcareous  Slates  and  Limestones. 
{  a.  Lower  Ireleth  Slates. 
3.  Coniston  Grit  .  .        Graptolithus,  Cardiola,  Ch'thoceras. 

GraPtolithus  and  UPPer  Silurian  SPecies' 


"Whether  the  Cambrian  and  Cumbrian  rocks,  which  we 
have  described  above  from  Professor  Sedgwick's  researches, 
form  a  distinct  system,  or  only  a  portion  of  the  Silurian 
group,  we  have  not  at  present  sufficient  data  to  enable  us  to 
determine  ;  we  have  therefore  placed  them  in  a  separate 
section  at  the  close  of  the  present  chapter.  So  much  has 
been  done  by  our  distinguished  countrymen,  Murchison  and 
Sedgwick,  in  the  department  of  Palaeozoic  geology,  that  we 
have  still  much  to  hope  from  their  further  researches  into  this 
most  ancient  epoch  of  the  earth's  history.  D'Orbigny  de- 
scribes 845  species  of  animals  from  the  Silurian  system,  of 
which  418  belong  to  the  upper,  and  427  to  the  lower 
divisions.  Of  the  418  upper  Silurian  species,  356  are 
Mollusca,  and  61  are  Eadiata;  of  the  427  lower  Silurian 
species,  375  belong  to  the  Mollusca,  and  52  to  the  Eadiata. 
The  Silurian  system  of,  Bohemia  has,  for  the  last  ten  years, 
engaged  the  attention  of  M.  Barrande,  who  has  discovered 
the  astonishing  number  of  1100  species  of  invertebrata  in 
the  Silurian  rocks  of  that  region  ;  whereas,  from  the  same 
area,  about  20  species  only  had  been  previously  described. 
Of  the  1100  species  he  finds  :  — 

Crustacea,  chiefly  Trilobites      ....     250  species. 

Cephalopoda       .......     250      „ 

Gasteropoda  and  Pteropoda       .         .         .         .160,, 

Conchifera          .......     130      „ 

Brachiopoda    .......     200       „ 

Zoophyta   ........     110      „ 

1100 
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These  fossils  were  obtained  from  a  .superficial  area,  not 
more  extensive  than  one-sixtieth  part  of  the  Adriatic ; 
proving  thereby,  that  the  Silurian  fauna  was  not  only  as  rich 
but  as  much  influenced  by  geographical  conditions  as  that  of 
any  subsequent  epoch.  The  perfect  condition  of  many  of 
these  fossils  enabled  this  naturalist  to  collect  a  series  of  the 
different  forms  which  species  assume  in  the  course  of  their 
development;  specimens  illustrating  the  metamorphosis  of 
nineteen  species  of  Bohemian  trilobites  belonging  to  ten 
genera,  have  been  obtained.  M.  Barrande  has  shown  that  one 
species, known  as  Sao  Mrsuta,  presents  twenty  different  forms; 
out  of  which  former  palaeontologists  have  made  eighteen 
species,  distributed  in  ten  genera.  These  important  researches 
have  established  the  interesting  fact  conjectured  by  other 
naturalists,  that  the  Trilobitidce  passed  through  a  series  of 
embryonic  forms  between  their  egg-life  and  mature  condition, 
just  as  the  Crustacea  of  our  rivers  and  seas  do  at  the  present 
time.  A  stratigraphical  arrangement  of  the  Bohemian 
fossils  further  proves  a  series  of  changes  in  organic  life 
corresponding  in  chronological  order,  to  those  of  equi- 
valent groups  previously  established  for  the  classification 
of  the  Palaeozoic  strata  of  Europe  and  North  America.* 


EXEECISES 

OF   THE    SILUEIAN   AND    CAMBEIAN    GROUPS . 

State  the  various  collections  of  these  groups,  the  different 
localities  of  their  beds,  their  general  characteristics,  geogra- 
phical distribution,  and  principal  organic  remains ;  and  prac- 
tise the  usual  mode  of  question  and  reply. 

*  Sir  C.  Lyell's  Anniversary  Address,  1851. 
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THE  METAMORPHIC  AND  PLUTONIC  ROCKS. 

METAMOEPHIC  EOCKS. — Our  chapter  on  Physical  Geology 
has  so  far  tended  to  explain  the  character  and  origin  of  these 
rocks,  that  a  lengthened  detail  in  this  place  would  rather 
embarrass  than  assist  the  student:  a  brief  recapitulation  of 
their  most  important  characters  will  suffice  for  the  present 
purpose. 

The  best  general  idea,  perhaps,  which  the  student  can 
form  of  these  formations,  is  to  regard  them  as  possessing  an 
intermediate  position  and  character  between  the  sedimentary 
rocks  above  and  the  Plutonic  rocks  below,  with  both  of  which 
they  are  intimately  connected.  They  resemble  the  sedimen- 
tary rocks  in  the  circumstance  that  they  exhibit  marks  of 
stratification,  many  of  the  upper  slaty  beds  passing  into 
overlying  deposits  of  aqueous  origin.  On  the  contrary,  they 
are  allied  to  the  Plutonic  rocks  beneath,  by  the  circumstance 
of  containing  no  organic  remains ;  some  of  the  lowest  beds 
appearing  to  graduate  into  the  underlying  granite. 

THE  MICA-SCHIST  SYSTEM. — Mica-schist  is  essentially 
composed  of  mica  and  quartz,  the  two  minerals  being 
disposed  in  alternate  layers,  forming  laminated  strata,  which 
are  extremely  wavy  and  contorted.  The  upper  beds  approach 
the  character  of  clay-slate,  presenting  laminae  of  mica, 
chlorite,  talc,  and  hornblende,  together  with  limited  beds  of 
crystalline  limestone,  iron  ore,  &c. ;  the  lower  are  of  a  more 
quartzose  character,  consisting  of  quartz  and  mica,  quartz 
and  chlorite,  and  quartz  rock.  The  British  localities  are  the 
Highlands  of  Scotland  and  the  north-west  of  Ireland. 

THE  GNEISS  SYSTEM. — Eocks  of  this  character  form  the 
lower  portion  of  the  series.  The  gneiss  itself  is  composed 
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of  the  same  elements  as  granite  (mica,. quartz,  and  felspar), 
and  these  being  arranged  in  undulated,  or  contorted  layers, 
may  be  considered  slaty  granite.  The  system  contains,  in 
addition  to  beds  of  gneiss,  mica-schist,  quartz-rock,  primary 
limestone,  hornblende-schist,  and  clay-slate,  alternating  in  a 
very  irregular  manner.  If  the  gneiss  and  the  mica-schist 
are  regarded  as  sedimentary  rocks,  metamorphosed  and  ren- 
dered crystalline  by  heat,  the  change  in  the  case  of  gneiss 
appears  to  have  been  but  partial,  this  rock  having  been 
formed  from  the  disintegration  of  granite,  and  deposited  in 
its  present  form  by  an  ocean  which  was,  probably,  too  warm 
for  the  support  of  animal  life.  On  the  other  hand,  the  gra- 
dation of  gneiss  into  mica-schist  and  slaty  rocks,  and  of  these 
into  others  which  are  unquestionably  of  aqueous  origin, 
strengthen  the  probability  of  the  whole  being  of  the  common 
origin  assigned  them  by  Dr.  Hutton,  and  owing  their  dis- 
similar physical  characters  to  the  unequal  degrees  of  heat 
to  which  they  have  been  exposed.*  The  stratification  of 


"~  i  saw 
FIG.  301.— Vein  of  Porphyry,  traversing  argillaceous  schist,  St.  Agnes,  Cornwall. 

gneiss  is  more  or  less  distinct ;  the  strata  are  often  inclined 
to  the  horizon  at  a  very  great  angle.  Mountains  composed  of 
gneiss  are  seldom  so  steep  as  those  of  granite;  and  their 

*  Professor  Phillips  :  Treatise  on  Geology,  in  the  Cabinet  Cyclopaedia. 
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summits,  instead  of  presenting  needle-like  points,  are  usually 
rounded.  Grneiss  is  one  of  the  most  metalliferous  of  the 
primary  rocks,  its  ores  occurring  both  in  beds  and  veins,  but 
more  frequently  in  the  latter  form.  The  localities  in  which 
gneiss  occurs  in  this  island  are  the  north  and  north-western 
parts,  and  the  "Western  Isles  of  Scotland. 

THE  PLUTONIC,  OR  MELTED  BOCKS. — These  are  usually 
divided  into  two  classes,  the  trap-rocks,  comprising  the 
basalts,  porphyries,  and  their  associate  substances,  and  the 
granites  and  their  kindred  rocks.  The  trap-rocks  commonly 
occur  in  the  shape  of  veins  or  dikes,  as  shown  in  fig.  301, 
which  represents  a  vein  of  porphyry,  traversing  argillaceous 
schist,  at  St.  Agnes,  Cornwall. 

Their  columnar  arrangement  is  developed  at  the  cave  of 
Fingal,  in  the  Isle  of  Mull.  (Fig.  302.) 


FIG.  302.— Basaltic  Columns  at  the  Entrance  to  Fingal's  Cave . 

The  following  illustration  (fig.  303),  portrays  an  instance 
occurring  in  the  vicinity  of  Carlsbad,  of  a  vein  of  granite 
traversing  a  mass  of  granite  older  than  itself,  and  proving 
the  different  ages  of  this  rock. 

For  more  minute  details  we  refer  to  the  works  of  Hutton, 
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Playfair,  Macculloch,  and  others ;  Mr.  "Wallace,*  divides  the 
granitic  rocka  into  two  classes ;  the  first  comprises  granites, 


FIG  303. — Vein  of  Granite,  penetrating  a  mass  of  granite  older  than  itself,  in  the 
vicinity  of  Carlsbad. 

in  the  composition  of  which  the  alkaline  earths  form  no 
essential  part ;  whilst  in  the  second  class,  they  are  essential 
ingredients.  The  first  class  is  divided  into  two  orders ;  the 
first,  called  perfect  granite,  is  a  ternary  compound  of  quartz, 
felspar,  and  di-axial  mica,  universally  diffused,  and  generally 
coarse-grained,  when  found  in  masses;  the  second  called  im- 
perfect granite,  including  the  compounds  of  felspar  and  mica, 
without  quartz,  and  of  quartz  and  felspar,  without  mica. 
There  is  no  binary  compound  of  quartz  and  mica,  as  this 
would  be  incapable  of  assuming  the  granitic  structure.  The 
second  class  includes  three  orders  :  1st,  hornblendic  granite  ; 
2nd,taZc0seynm&te,orprotogine;  and  ^T^scJiorly  granite.  Each 
of  these  orders  includes  several  varieties.  Of  these  granites, 
the  author  regards  the  ternary,  composed  of  quartz,  felspar, 
and  di-axial  mica,  as  the  lowest  accessible  rock  of  the  earth's 
original  crust,  uplifted  and  protruded  through  sedimentary 
strata  at  different  periods,  from  the  earliest  to  the  latest  age 
of  igneous  disturbance.  The  fine-grained  varieties  of  ternary 

*  Memoir  read  before  the  Geological  Society. 
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granite,  which  are  often  lound  in  veins,  have  probably  been 
fused  a  second  time.  The  seat  of  the  binary  granites  was 
probably  below  that  of  the  ternary  rock,  but  higher  than 
the  granites,  Avhich  contain  alkaline  earthy  substances. 
The  general  conclusion  is,  that  the  absence  of  mica, 
or  the  presence  of  minerals  abounding  in  magnesia  or  lime, 
or  that  of  metallic  oxides,  or  a  transition  into  syenite,  por- 
phyry, basalt,  or  volcanic  rocks,  are  indications  of  a  later 
origin  than  that  of  ancient  granite. 

We  have  already  described  the  classification  of  the  primary 
rocks  into  a  three-fold  division,  as  the  most  natural  arrange- 
ment, and  have  attributed  their  texture  and  aspect  to  the 
agency  of  fire ;  the  metamorphic  rocks  are  supposed  to 
have  'been  altered  by  its  action,  while  the  basalts  and 
granites  have  been  reduced  by  it  to  a  state  of  fusion ;  the  trap- 
rocks  having  been  ejected  from  beneath,  and  the  granites 
having  crystallised,  from  a  melted  condition  under  the  weight 
and  pressure  of  the  superincumbent  strata.  "With  reference 
to  the  granites,  it  may  be  observed,  that  mountains  of  this  rock 
are  usually  extremely  steep,  and  their  summits  present 
those  notched  or  serrated  edges,  which,  in  the  languages  of  the 
south  of  Europe,  have  occasioned  the  name  of  Sierra  to  be 
bestowed  on  hills  of  this  character.  We  have  already 
stated  that  granitic  rocks  occur  as  dikes  and  veins, 
which  *  pierce  the  superincumbent  strata,  and  occasion- 
ally penetrate  to  the  top,  spreading  and  towering  over  all 
they  have  displaced.  We  have  also  observed  that  veins  of 
granite  are  frequently  traversed  by  other  veins  newer 
jhan  themselves  (fig.  303)  ;  that  granite  is  thus  proved  to 
be  of  all  ages,  and  to  have  been  fluid  at  the  close  of 
bhe  secondary,  and  even  during  the  tertiary  epoch.  We 
have  also  adverted  to  the  fact,  that  it  has  been  protruded  in 
a  solid  as  well  as  a  fluid  condition,  and  have  instanced  as 
legative  proofs  of  its  solidity  when  ejected,  the  absence  of 
dikes  or  veins  ramifying  into  the  surrounding  rocks,  and  of 
any  marks  of  charring  or  calcining;  and  as  positive  evi- 
dence, the  phenomena  of  rubbing  and  abrasion,  and  the 
masses  of  conglomerate  and  breccia  occurring  at  the  line 
of  junction.  We  have  farther  alluded  to  the  theory  of 
Dr.  Hutton,  who  supposed  that  the  whole  of  the  non- 
fossiliferous  deposits,  are  not  independent  formations,  but 
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merely  so  much  sedimentary  materials  which  have  been 
fused  by  heat;  in  short,  so  many  sandstones,  limestones,, 
clays,  <fcc.,  which  have  first  been  melted,  and  then  cooled 
to  their  present  crystallised  condition ;  that  they  are,  in 
reality,  no  separate  structure,  but  merely  the  pavement  of 
that  temple  which  the  Almighty  has  filled  with  so  many 
monuments  of  his  wisdom,  benevolence,  and  power. 


BISECTIONS 

FOE 

COLLECTING   SPECIMENS   OE   GEOLOGY  AND 
MINEEALOGY, 

FOR  THE  BRITISH  MUSEUM. 
BY  C.  KONIG,  ESQ.,  KEEPER,  OF  THE  MINERALOGICAL  DEPARTMENT. 


THE  following  short  directions  being  intended  for  the  use  of 
such  persons  as  are  supposed  to  be  entirely  unpractised  in 
geology  and  mineralogy,  all  technical  terms,  the  under- 
standing of  which  pre-supposes  an  acquaintance  with  those 
sciences,  haye  been  carefully  avoided ;  as  likewise,  all  refer- 
ences to  the  relative  order  or  superposition  of  rocks,  and  the 
succession  in  which  many  of  the  materials  to  be  collected 
are  known  to  be  disposed  with  respect  to  each  other. 

1.  Common  boulders,  rolled  pieces  of  rocks,  or  their  frag- 
ments, pebbles,  &c.,  picked  up  at  random,  in  situations  of 
no  peculiar  interest,  are  very  seldom  of  any  scientific  utility ; 
they  had  much  better  be  left  where  they  are,  than  made  the 
source  of  embarrassment  to  those  who  are  expected  to 
arrange  and  incorporate  them  with  objects  of  systematic 
geological  or  mineralogical  collections.  But  boulders,  rolled 
pieces,  rubble-stones,  and  even  gravel,  sand,  silt,  and  other 
loose  materials,  may  prove  objects  of  real  scientific  import- 
ance to  the  intelligent,  although  unscientific  observer,  in 
proportion  as  the  nature  and  mode  of  their  occurrence  are 
ascertained,  or  appear  to  him  to  be  connected  with  interest- 
ing circumstances  and  questions;  such  as  their  probable 
origin,  and  whether  they  may  be  considered  as  gradually 
washed  down  from  higher  levels  by  rains,  rivers,  &c. ;  or  as 
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remnants  of  broken-up  beds  of  lakes  or  seas  (for  botli  kinds 
have  often  been  indiscriminately  called  alluvial),  &c.  He 
will  often  find  them  to  contain  well-preserved  remains,  such 
as  teeth  and  bones  of  the  elephant,  hippopotamus,  rhinoceros, 
petrified  wood,  &c.  Also,  interesting  mineral  substances, 
such  as  particles  of  metallic  ores,  gems,  &c.,  are  frequently 
found  imbedded  in  those  deposits  of  loose  materials ; 
let  him  carefully  collect,  label,  and  preserve  such  objects. 
"With  regard  to  loose  blocks,  specimens  should  in  general  be 
detached  from  such  only,  as,  from  the  situation  in  which 
they  are  found,  and  from  other  circumstances,  have  evidently 
not  formed  part  of  neighbouring  masses,  and  which  are, 
therefore,  called  erratic  blocks.  Masses  of  cliffs  and  rocks 
precipitated  from  above,  at  recent  periods,  may,  however, 
often  supply  the  collector  with  good  specimens  of  strata  not 
easily  accessible  to  him.  Materials  for  roads,  thrown  out  in 
heaps,  may  furnish  specimens  for  collections ;  but  the  places 
from  whence  they  are  obtained  should  be  previously  ascer- 
tained. Eoad-stones  are  frequently  brought  from  very  distant 
quarries. 

2.  Upon  the  whole,  rock  specimens  should  be  taken  fresh 
from  the  masses  in  their  native  places.     Among  localities 
most  favourable  for  this   purpose,   the  following  may  be 
specified : — cliffs  on  the  sea-shore — they  frequently  afford 
very  perfect  sections  of  the  masses  and  strata  of  rocks ;  pre- 
cipitous  sides  of  rivers,  and  their  beds,  and  of  mountain 
streams,  which  often  lay  open  strata  and  beds  at  depths 
otherwise   difficult  to   discover;    ravines  and   deep  valleys 
transversely   crossing  the   strata,   and  the  naked   sides  of 
which,  especially  when  long  operated  upon  by  rivers  and 
mountain  torrents,   often  present   instructive    profiles    of 
ytratification  ;  artificial  sections  of  ground,  such  as  are  pro- 
duced by  quarries,  gravel-pits,  and  excavations,  of  every 
description,  for  roads,  canals,  tunnels,  wells,  &c. 

3.  Where  mines  are  worked,  the  collector  will  generally 
find  some  well-informed  person  or  other  to  assist  him  in  his 
pursuits ;    but  he   should  use   circumspection  in  making 
purchases  of  specimens  from  the  common  miners. 

4.  Not  unfrequently,   one   and  the  same  mass  of  rock 
exhibits   great  diversity   of  aspect,  through   the   variation 
which  takes  place  in  the  mixture  and  proportion  of  its  com- 
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ponent  ingredients,  their  colour,  £c.  Also  the  texture,  such 
as  the  crystalline-granular,  the  slaty,  the  compact,  &c.,  are 
subject  to  variation,  and  gradual  changes  have  often  taken 
place  through  atmospheric  influence,  sometimes  to  a  con- 
siderable depth  into  the  mass.  Accidental  admixtures,  not 
essential  to  the  rock,  are  likewise  frequently  observable.  As 
in  such  cases  a  few  specimens  would  convey  but  an  imperfect 
idea  of  the  true  character  of  the  stratum,  or  other  mass  of 
rocks,  suites  of  specimens  should  be  formed,  illustrative  of 
most  of  the  varieties  which  it  affords. 

5.  The   thickness   of  each   stratum   or  bed,   and   other 
circumstances  connected  with  them,  such  as  their  horizon- 
tality  or  inclination,  and  the  angle  under  which,  and  toward 
what  part  of  the  compass  they  incline,  should  be  regularly 
noted.     Slight  sketches  of  the  stratification  of  a  coast  or 
cliff,  marked  with  numbers  corresponding  to  those  on  the 
labels  of  the  specimens  obtained  from  those  strata,  will  be 
found  greatly  to  abbreviate  the  trouble  of  writing  descrip- 
tions on  the  spot. 

6.  Examine  all  places  where  coal-pits  are  sunk  through 
different  strata  ;  procure  specimens  from  these,  and  likewise 
of  the  different  varieties  of  coal,  paying  particular  attention 
to  specimens  of  vegetable  impressions  which  they,  or  any  of 
the  accompanying  rocks,  such  as  sandstone,  &c.,  may  afford. 

7.  JSTo    opportunity    should    be    neglected    to    procure 
secondary   fossils   of    every    description,    accompanied    by 
specimens  of  the  masses  in  which  they  are  imbedded,  and 
which  are  not  seldom  chiefly  characterised  by  them.  Interest 
should,  therefore,  everywhere  be  made  with  quarry-men,  and 
persons  engaged  in  all  sorts  of  works  of  excavation,  to  pre- 
serve whatever  may  be  found  by  them  in  the  way  of  petri- 
factions,  especially   osseous  remains  ;    and  those   persons 
should  be  particularly  cautioned  against  breaking  to  pieces 
whole  skeletons,  or  large  portions  of  them.     If  possible,  the 
collector  should  in  person  superintend  the  excavation.     The 
following  suggestions,  taken  from   Sir  H.  De  la  Beche's 
excellent  treatise,  "  How  to  observe  in  Geology,"  particu- 
larly  apply  to  osseous  remains  of  an   extremely  delicate 
structure.     Instead  of  endeavouring  to  extract  these  on  the 
spot,  the  observer  should  detach  so  much  of  the  rock  as  shall, 
to  the  best  of  his  judgment,  envelope  the  organic  remain  in 
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a  protecting  case  suitable  for  the  purpose  of  transport. 
Organic  remains  are  generally  in  better  condition,  according 
to  the  little  that  is  done  to  them  prior  to  their  final  deposit 
in  the  Museum.  If  a  fossil  proves  brittle  to  such  a  degree 
that  the  vibrations  produced  by  blows  to  its  matrix  cause  it 
to  splinter  up,  the  splinters,  if  sufficiently  large,  may  be  re- 
adjusted ;  but  it  is  most  advisable,  on  seeing  a  fossil  begin 
to  splinter,  to  take  some  stiff  clay,  if  such  can  be  procured, 
and  press  it  down  upon  it.  AVax,  or  similar  materials,  might 
advantageously  be  employed  for  this  purpose,  with  small 
specimens.  With  regard  to  objects  of  great  rarity  and 
importance,  and  which  rest  exposed  in  a  very  friable  rock,  it 
it  may  even  be  desirable  to  prepare  plaster  of  Paris  on 
the  spot,  and  cover  the  fossil  (such  as  the  skeleton  of  a 
saurian,  &c.,)  with  a  thick  coating  of  it.  By  this  process 
the  exposed  part  of  a  skeleton  is  set,  as  it  were,  in  a  block 
of  plaster,  from  which,  after  carefully,  working  beneath  it 
and  the  fossil  in  a  friable  rock,  it  may  afterwards  be  freed, 
or  in  which  it  may  be  allowed  to  remain,  as  may  be  desired. 
"When  the  scattered,  yet  well-preserved  fossil  bones  of 
animals  are  found,  it  often  happens  that  a  large  portion  of 
the  entire  skeleton  may  be  eventually  obtained  by  diligent 
search.  The  accidental  discovery  of  a  small  portion  of  bone 
rising  through  the  rock  may  lead  to  that  of  entire  skeletons, 
if  sufficient  care  be  employed.  In  many  slaty  rocks  fishes, 
plants,  and  other  organic  remains  abundantly  occur  among 
the  laminae,  pressed  down  to  so  thin  a  substance  as  not 
readily  to  be  seen  in  a  cross  fracture  of  the  rock.  "When, 
therefore,  such  organic  remains  are  suspected  to  exist  in  a 
schistose  rock,  detached  portions  of  it  should  be  struck  so  as 
to  lay  open  the  stones  in  the  direction  of  the  Iamina3.  In 
this  way  multitudes  of  fossil  plants  may  be  obtained,  of  which 
there  were  few  traces  in  the  cross-fracture  of  the  rock. 

8.  Wherever  deposits  of  secondary  fossils  are  observed,  it 
is  of  importance  to  note  any  striking  circumstances  relative 
to  their  mode  of  occurring ;  the  proportion,  for  instance,  in 
which  the  several  species  are  distributed ;  whether  they  are 
more  abundant  in  one  bed  of  the  rock  than  in  another ; 
whether  they  are  dispersed  in  a  confused  manner  through 
the  mass,  or  arranged  parallel  to  the  general  stratification, 
or  confined  to  the  surface  of  any  particular  stratum;  or, 
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•with  regard  to  their  individual  position,  whether  shells  for 
instance,  are  found  all  exhibiting  the  same  view ;  or  if  fishes 
affect  a  general  uniform  position  or  parallelism  of  their  sides 
to  the  stratification ;  and  such  other  peculiarities  as  cannot 
generally  be  exemplified  even  by  whole  suites  of  specimens. 

9.  Uncommonly  interesting  are  the  osseous  remains  of 
caverns  and  grottos  which  frequently  occur  in  limestone 
rocks ;  these  should  be  diligently  sought  after  and  visited, 
oven  where  report  may  represent  them  as  not  being 
ossiferous.  The  collector,  in  his  examination,  should  proceed 
systematically  by  cutting  through  the  layers  of  the  incrusta- 
tions which  he  may  find  at  the  bottom  of  them,  and  which 
are  formed  by  the  dripping  down  of  water  impregnated  with 
calcareous  particles ;  let  him  form  a  series  of  specimens  from 
the  layers  of  this  stalagmitic  deposit  ;  as  likewise  of  the 
alluvial  matter  beneath  it,  of  the  gravel,  sand,  and  mud, 
which  usually  envelop  the  osseous  remains.  Of  these  latter 
he  should  form  a  complete  series,  not  only  as  regards  the 
natural  difference  he  may  observe  in  the  several  bones,  but 
likewise  the  accidental  changes  observable  in  them,  such  as 
appearances  of  being  gnawed,  fractured,  &c.  Also  other 
objects  which  may  be  found  near  to,  or  accompanying  the 
bones,  such  as  rounded  concretions,  fragments  o*f  stones 
different  from  the  rock  of  the  cave  should  be  collected,  and 
their  manner  of  occurring  noted  on  the  labels.  In  the  same 
manner  the  collector  should  not  neglect  recording  every 
circumstance  which  the  specimens  alone  are  not  calculated 
to  illustrate,  such  as  the  distribution  of  the  various  bones  in 
the  caverns,  their  relative  abundance,  &c.  He  should  also 
make  memoranda  relative  to  the  nature  and  situation  of  the 
cavern  itself,  its  direction,  its  dimensions,  the  presence  or 
absence  of  water  in  it ; — or  whether  it  be  furnished  with 
fissures,  particularly  vertical  ones ;  and  if  so,  whether  these 
be  partly  open,  or  filled  with  bones  and  rubble  cemented 
together  ;  whether  parts  of  the  sides  near  the  opening 
exhibit  a  polish  as  if  produced  by  rubbing  against ;  together 
with  other  appearances  which  are  likely  to  strike  an  atten- 
tive observer. 

If  fissures  in  limestone  rocks  should,  on  examination,  prove 
to  be  filled  with  osseous  remains,  cemented  together  by 
calcareous  and  other  matter,  it  will  be  desirable,  for  the 
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purpose  of  ascertaining  whether  bones .  of  different  animals 
are  found  at  different  depths,  to  extract  them  from  the  lower 
as  well  as  the  higher  portions  of  the  fissure,  and  carefully  to 
note  the  succession  of  the  several  specimens  thus  obtained. 

10.  "Where  petrifying  sources,  as  they  are  called,  occur,  or 
waters  impregnated  with  calcareous  and  other  matter,  thrown 
down  and  consolidated  into  masses  enveloping  branches  and 
other  parts  of  vegetables,  &c.,  the  collector  should,  together 
with  specimens,  obtain  any  information   within  his  reach, 
relative  to  the  condition  under  which  such  deposits  have  been, 
or  continue  to  be  formed.     In  general  it  is  also  desirable 
chemically  to  examine  such,  and  other  waters  remarkable  for 
any  striking  peculiarity.     They  may  readily  be  transmitted 
in  clean,  strong  bottles  tightly  closed,  sealed,  and  labelled. 

11.  In  tracts  of  country  where  volcanos  are  in  action, 
especially  if  still  unexplored  by  geologists,  not  specimens 
only  should  be  collected,  but  likewise  all  the  historical  data 
that  can  be  obtained  relative  to  the  different  eruptions  and 
other    phenomena    connected    with    them  ;    and  all   such 
circumstances  should  be  noted  as  in  any  manner  relate  to  the 
nature  and  appearance  of  those  volcanos — their  situation, 
form,  craters,  &c.;  together  with  every  particular  concerning 
the   lava-currents,   their    heat    before   consolidation,   their 
direction,  &c.,  and  perfect  suites  should  be  formed  of  the 
various    volcanic    ejections.      In   endeavouring    to    detach 
specimens  from  a  current  of  lava,  the  collector  should  not 
confine  himself  to  the  upper  crust  of  scoria ;   but  should 
likewise    obtain    fragments    from    the    middle    and  lower 
beds.      Ashes   and   other  pulverulent  volcanic  matter  are 
best  preserved  in  strong  bottles.     "Where  they  are  found  to 
enclose  organic  or  other  objects,  these  should  be  particularly 
attended  to. 

12.  With  regard  to  certain  other  rocks,  to  which  the  term 
trappean  is  applied,  and  which  are  now  likewise  generally 
considered  as  igneous,  or  as  having  been  propelled,  when  in 
a  state  of  fusion,  through  various  rocks  which  they  overlie, 
the  collector,  under  the  supposition  that  he  is  not  altogether 
unacquainted  with  some  of  these  rocks,  such  as  basalt  and 
porphyry,  is  desired  to  direct  his  attention  to  any  alteration 
that  may  be  observable  in  the  condition  of  the  strata  in 
immediate  contact  with  them.     These  conditions  relate  to 
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change  of  colour,  lustre,  texture,  partial  fusion  or  vitrifica- 
tion, &c.,  and  many  of  them  may  be  illustrated  by  suites  of 
specimens  carefully,  and  judiciously  selected. 

13.  An  enumeration  of  the  several  instruments  required* 
by  the  geological  traveller,  for  determining  the  direction  and 
inclination  of  the  strata,  for  measuring  heights,  &c.,  as 
likewise  those  for  mineralogical  investigation,  would  be 
superfluous  to  the  proficient  in  geology  and  mineralogy,  and 
of  no  avail  to  the  less  scientific  collector,  who,  if  he  wish  for 
information,  is  necessarily  referred  to  treatises  on  those 
sciences.  It  is,  however,  otherwise  as  regards  that  indis- 
pensable implement,  the  hammer.  Two  of  these,  at  least, 
are  required  ;  one  weighing  from  two  to  four  pounds  and  a 
half,  for  breaking  the  masses  ;  the  other  of  smaller 
dimensions,  for  trimming  the  specimens.  Common  hammers 
are  not  fit  for  the  purpose  ;  they  should  be  of  well-tempered 
steel,  the  handles  of  very  tough  wood,  and  most  firmly 
inserted  in  the  heads.  The  diagrams  here  given  represent 
those  more  commonly  used,  and  which  may  be  had  of  Messrs. 
E.  and  Gr.  Knight,  Foster-lane,  London.  Pigs.  1  and  2  are 


FIG. 


Models  of  Hammers. 


of  the  forms  recommended  by  the  late  Dr.  M'Culloch ;  fig.  3, 
is  known  by  the  name  of  Sedgwick's,  and  fig.  4  by  that  of 
De  la  Eeche's  geological  hammer.  The  remaining  figures 
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(except  No.  5)  are  those  of  mineralogical  hammers  of 
various  forms  and  dimensions.  A  few  mason's  chisels,  of 
various  sizes,  and  a  small  miner's  pick,  fig.  5,  will  be 
'  found  useful.  A  glove  of  thick  leather  for  the  left  hand, 
on  which  the  specimens  are  trimmed ;  and  for  their  con- 
veyance, a  bag  (likewise  of  leather),  thin  and  cartridge 
paper  for  packing,  small  pieces  of  paper  ready  cut  for  labels, 
and  paste  or  thick  gum-water  to  affix  the  numbers  to  the 
specimens,  constitute,  together  with  wool  and  cotton  for 
delicate  secondary  fossils,  minerals,  &c.,  all  the  apparatus 
needful  to  those  who  undertake  the  task  of  collecting. 

14.  No  particular  rules  can  be  given  for  the  operation  of 
breaking,  trimming,  and  fashioning  rock-specimens ;  but  the 
skilful  management  of  the  hammer,  though  some  patience  and 
practice  be  required,  is  by  no  means  of  difficult  acquisition. 

Specimens  intended  for  public  collections,  generally 
speaking,  should  be  of  rather  large  dimensions  ;  some 
masses,  especially  compound  rocks,  such  as  conglomerates, 
<fcc.,  cannot,  in  afi  their  characteristic  parts,  be  studied  from 
•diminutive  fragments.  A  convenient  size  is  four,  to  four  and 
half,  by  three  inches,  and  three  quarters  of  an  inch  to  one 
inch  in  thickness.  Regularity  of  shape  considerably  facili- 
tates the  proper  and  safe  packing  of  the  specimens.  Trim 
and  fashion  them  on  the  spot,  where  there  is  abundance  of 
materials ;  what  you  intend  to  be  the  finishing  blow  with 
your  hammer  will  sometimes  spoil  a  specimen.  All  the 
surfaces  must  exhibit  a  fresh  fracture,  except  where  it  is 
desirable  to  illustrate  disintegration  through  atmospheric 
and  other  influences  ;  in  which  case  more  than  one  specimen 
should  be  obtained. 

15.  Each  object  should  have  its  number  affixed  by  means 
of  thick  gum-water  or  paste,  and  be  accompanied  by  a  ticket 
on  which  the  exact  locality  is  given,  together  with  such 
information  relative  to  the  nature  of  the  masses  from  which 
it  is  taken  as  the  specimen  alone  is  not  calculated  to  con- 
vey : — whether  they  occur  in  distinct  concretions,  columnar, 
<&c. ;  or,  if  stratified,  what  is  the  thickness  of  the  stratum, 
its  inclination  to  the  horizon,  &c.     The  numbers  on  the 
specimens  may,  at  the  same  time,  correspond  with  those 
of  the  notes   of  his  road-book,  if  such   be  kept  by  the 
collector. 
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16.  Great  care  should  be  bestowed  on  the  proper  packing 
of  the  objects.     Each  specimen  is  to  be  wrapped  up  in  two 
papers ;  the  inner  soft,  and  less  substantial  than  the  outer. 
Put  at  the  bottom  of  the  packing-case  a  layer  of  hay,  chaff, 
moss,  or  other  soft  substance,  perfectly  dry.      Place  on  it 
the  specimens  edgewise  and  in  close  contact  with  each  other, 
so  that  nothing  can  displace  them.     Fill  up  the  interstices 
with  moss  or  tow,  and  place  the  other  specimens  in  the  same 
manner,  layer  upon  layer,  until  the  box  is  nearly  full,  when 
the  remaining  vacuities  are  to  be  closely  filled  up  with  the 
same  moss,  &c.,  before  the  lid  is  fastened.     The  use  of  saw- 
dust for  this  purpose  is  not  to  be  recommended.     Loose 
fragile  shells  and  other  small  delicate  objects  are  best  packed 
by  putting  them,  enveloped  in  cotton,  in  rows,  and  rolling 
these  up  in  sheets  of  stiff  paper. 

17.  Still  greater  care  is  to  be  bestowed  on  such  minera- 
logical  specimens  as  present  delicate  crystallisations.     These, 
after  being  wrapped  up  loosely  in  silk  paper,  should  be  put 
up  separately  in  a  chip-box  each,  and  the  empty  space  filled 
up  with  cotton.      The  chip-boxes  are  to  be  placed  at  the 
bottom  of  the  packing-case.     Minerals,  not  soft  or  brittle, 
may  be  wrapped  up  and  packed  nearly  in  the  same  manner 
as  geological  specimens.     They  are  to  be  placed  upright  in 
rows  one  above  the  other,  and  with  their  principal  surfaces 
parallel  to  two  opposite  sides  of  the  packing-case.      The 
weight  of  such  case  for  land-carriage,  or  shipping,  should  not 
exceed  one  hundred  weight. 

18.  As  the  geological   collector  cannot  be  expected  to 
discover,   in  his   excursions,    many    specimens    of    simple 
minerals  desirable  to  be  placed  in  the  national  collection,  he 
will  do  well,  if  he  fall  in  with  persons  acquainted  with,  and  in 
the  habit  of  procuring  such,  to  secure  their  services,  with  a 
view  to  obtain  all  mineral  substances  that  are  peculiar  to  any 
particular  colony  or  tract  of  country ;  or  that  claim  attention 
on  the  score  of  their   superior  beauty  and  perfection  of 
crystallisation.     This  latter  character  should  be  particularly 
attended  to  ;    it  is,  however,  to  be  observed,  that  minerals 
not  presenting  it,  may  nevertheless  prove  highly  interesting 
in  other  respects,  and  that  a  remarkable  locality  alone  may 

•often  lend  importance  to  a  mineral  which  is  abundantly  met 
with  at  home. 
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IN  addition  to  the  foregoing  instructions  by  M.  Konig,  the  student 
should  be  informed  that  in  collecting  fossils  from  the  Silurian,  Devonian, 
carboniferous,  permian,  triasic,  and  oolitic  groups,  the  rock  should 
be  removed  as  much  as  possible  from  the  shell  or  coral,  on  the  spot ;  any 
fragments  of  the  fossil  that  may  have  been  broken  off  should  be  carefully 
collected  and  folded  in  thin,  soft,  paper,  along  with  the  specimen  to 
which  they  belong :  on  returning  home  from  the  excursion,  the  frag- 
ments should  be  cemented  in  their  proper  places  with  a  thick  mucilage 
of  gum  arabic;  the  specimens  may,  afterwards,  be  cleaned  and  reduced  to 
a  convenient  size  for  the  cabinet :  it  is  always  desirable  to  preserve 
some  fossils  embedded  in  a  portion  of  the  rock  in  which  they  are  found, 
to  facilitate  reference,  and  decide  the  stratigraphical  position  of  the 
specimen.  In  the  case  of  cretaceous  fossils,  the  best  cement  we  know 
is  the  following : — Dissolve  a  few  pieces  of  gum  mastic  in  as  much 
spirits  of  wine  as  will  make  them  liquid.  In  another  vessel  dissolve  as 
much  isinglass  (previously  soaked  in  warm  water  until  softened)  in 
rum,  brandy,  or  spirits  of  wine,  as  will  make  two  ounces,  by  measure, 
of  strong  glue  :  add  two  bits  of  powdered  galbanum  or  ammoniacum. 
Mix  the  whole  with  a  sufficient  heat,  and  keep  the  composition  in  a 
well-corked,  wide-mouthed  bottle.  When  the  cement  is  required  for 
use,  the  bottle  must  be  immersed  up  to  the  neck  in  a  cup  of  hot-water. 
This  compound  is  used  by  the  most  experienced,  practical  paleontolo- 
gists, for  cementing  the  fishes,  Crustacea,  mollusca,  and  echinodermata 
of  the  chalk ;  we  have  found  it,  likewise,  most  valuable  for  uniting 
tertiary  reptilian  and  mammalian  bones.  Tertiary  fossils  are  usually 
very  delicate  and  brittle :  the  Isle  of  Wight  and  Barton  shells  are,  in 
general,  in  good  preservation ;  those  from  Bracklesham  Bay,  however, 
from  having  been  exposed  to  the  action  of  sea- water,  are  soft  and  much 
decayed ;  they  should  be  removed  from  the  bed  with  a  considerable 
portion  of  the  clay  and  sand,  and  dried  in  the  sun ;  afterwards,  saturated 
with  a  thin  mucilage  of  gum  tragacanth  (a  quarter  of  an  ounce  of  the 
gum  to  six  ounces  of  cold  water),  prepared  a  week  or  ten  days 
previously :  after  the  shell  is  set  with  this  preparation,  the  clay  or  sand 
may  be  removed.  This  mucilage  is  a  most  valuable  agent  for  coating 
many  other  fossil  shells  disposed  to  decay,  and  likewise  the  bones  and 
teeth  of  mammalia.  Tertiary  shells  travel  best  packed  in  light  toy- 
boxes,*  disposed  in  the  following  manner : — First  cover  the  bottom  of 
the  box  an  inch  and  a  half  deep  with  dry  bran ;  then  place  a  layer  of 
shells  nearly  of  one  size,  well  embedded  in  the  same ;  cover  them  with 
another  layer  of  bran,  and  repeat  the  process  until  the  box  is  quite 
filled.  Small  boxes  thus  packed  should  afterwards  be  put  into  a  case, 
and  well  wedged  into  the  same  with  waste  paper.  The  most  delicate 
specimens  may  be  transmitted  in  this  way  without  fear  of  injury. 

T.  W. 

*  May  be  obtained,  in  nests,  from  Evans  and  Sons'  toy-warehouse, 
116,  Newgate-street,  London. 
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AOASTA,  one  of  the  Oceanides. 

ACEPHALA,  mollusca  wanting  the 
head,  as  the  scallop,  &c. 

ACERA,  without  a  horn. 

AcHATiNA,a  genus  of  univalve  shells. 

ACICULAR,  needle-like,  sharp-pointed. 

ACROLEPIS,  fossil  fish  with  crested 
scales. 

AEROLITES,  mineral  masses  that  fall 
from  the  atmosphere. 

ALASMIDONTA,  without  a  lateral  tooth. 

ALG.E,  a  division  of  cryptogamic 
plants,  including  the  sea-weeds. 

ALLUVIUM,  materials  transported 
and  deposited  by  the  action  of 
water. 

ALUMINOUS,  clayey. 

ALUMINUM,  metallic  base  of  clay. 

AMMONITES,  Ammon,  a  name  of 
Jupiter. 

AMMONOCERATITES,  the  horn  of  Am- 
mon. 

AMORPHOUS,  shapeless,  destitute  of 
regular  form. 

AMPHIDESMA,  ligament,  external  and 
internal ;  a  genus  of  shells. 

AMPHITRITE,  one  of  the  Nereids. 

AMPULLARIA,  lot.,  ampulla,  a  wide- 
mouthed  bottle. 

AMYGDALOID,  that  cellular  structure 
of  the  trap-rocks,  in  which  mineral 
substances  are  embedded. 

ANALOGUE,  a  similar  representative 
animal  or  vegetable;  a  recent 


shell  of  the  same  species  as  a  fossil 
shell  is  an  analogue  of  the  latter. 

ANASTOMA,  mouth  looking  upwards. 

ANASTOMOSING,  running  into  each 
other. 

ANATIPERA,  producing  ducks. 

ANATINA,  anas,  gr.,  a  duck. 

ANCHYLOSED,  joints  of  bones,  im- 
moveably  united. 

ANCILLARIA,  from  lot.,  ancilla,  a 
damsel. 

ANCYLUS,  lat.,  ancile,  a  sacred  shield. 

ANGLE  :  the  following  observations 
may  be  advantageously  borne  in 
mind :  A  right  angle  is  formed 
by  the  insertion  of  two  lines  which 
are  perpendicular  to  each  other, 
and  which  form  an  angle  of  90 
degrees,  or  the  fourth  part  of  a 
circle ;  the  frames  which  contain 
a  pane  of  glass  are  an  example  : 
An  acute  angle  is  one  which  is 
less  than  90  degrees;  an  obtuse 
angle,  one  which  is  more :  an 
oblique  angle  is  one  which  is  not 
90  degrees,  and  may  be  either 
more  or  less,  either  obtuse  or  acute. 

ANNELIDES,  animals  having  an  ex- 
ternal integument  formed  of  rings, 
as  the  worm. 

ANODONTA,  having  no  teeth. 

ANOMIA,  without  law,  anomalous. 

ANTENNA,  the  projecting  feelers  of 
insects.  >• 
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ANTHOZOA,  animal-flowers,  as  the 
Actinia. 

ANTHRACITE,  stone-coal. 

ANTHRACOTHERIUM,  a  pachyderma- 
tous animal,  first  found  in  a  bed 
of  anthracite. 

ANTICLINAL  AXIS,  where  the  strata 
diverge  from  each  other  in  oppo- 
site directions. 

APTERYX,  destitute  of  wings,  ap- 
plied to  a  particular  genus  of 
bird. 

ARBORESCENT,  tree-like. 

ARCA,  a  chest,  or  ark. 

ARENACEOUS,  composed  of  sand. 

ARENICOLA,  inhabiting  the  sand. 

ARGILLACEOUS,  composed  of  clay. 

ARGONAUTA,  sailors  in  the  ship  Argo; 
a  genus  of  the  cephalopoda. 

ARTICULATA,  animals  without  an  in- 
ternal skeleton,and  having  jointed 
coverings,  as  insects. 

ARUNDINACEOUS,  (arundo,  a  reed,) 
plants  of  the  reed  tribe. 

ASCIDIAN,  shell-less  molluscs,  shaped 
like  a  bottle. 

ASPERGILLUM,  a  watering-pot. 

ASTR^EA,  a  genus  of  corals. 

AUGITE,  a  mineral  resembling  horn- 
blende, of  dark-green  or  black 
colour,  occurring  in  volcanic 
rocks. 

AURICULA,  a  little  ear. 

AVICULA,  a  little  bird. 


B. 

BACULITES,  laL,  baadiim,  a  staff. 

BALANUS,  an  acorn. 

BARYTES,  a  mineral  substance,  also 
called  heavy  spar. 

BASALT  or  TRAP,  a  mineral  composed 
of  augite  and  feldspar. 

BASIN,  a  depression  of  strata,  in 
which  accumulations  of  more  mo- 
dern date  are  deposited. 


BATRACHIAN,  allied  to  the  frog,  toad. 
&c. 

BELEMNITE,  a  long,  dart-shaped  fossil 
(whence  its  name),  the  dorsal  bone 
of  an  extinct  kind  of  sepia,  or 
cuttle-fish. 

BELEMNITES,  a  dart. 

BIFID,  divided  into  two  parts,  or 
forked. 

BILOBED,  divided  into  two  lobes. 

BIROSTRITES,  double-beaked. 

BITUMEN,  mineral  pitch,  an  essential 
element  of  good  coal. 

BLOCKS,  ERRATIC,  a  term  equivalent 
to  boulders,  applied  to  transported 
masses  of  primary  rocks. 

BRACHIAL,  belonging  to  the  arm. 

BRACHIOPODA,  arm-footed;  mollus- 
cous animals,  whose  organs  of 
locomotion  consist  of  arm-like 
processes. 

BRANCHIA,  aquatic  organs  of  respira- 
tion, as  gills. 

BRECCIA,  a  term  adopted  from  the 
Italian  to  designate  a  mass  com- 
posed of  angular  unworn  frag- 
ments of  rocks,  as  conglomerate 
is  formed  of  worn  and  rounded 
materials. 

BRYOZOA,  moss- animals  ;  polypes 
that  encrust  other  bodies,  as  Flua- 
trce. 

BUCCINUM,  a  trumpet ;  a  genus  of 
shells. 

BULIMUS,  a  genus  of  shells. 

BULLA,  a  bubble. 

,  like  bulla. 


C. 

CALCAIRE  GROSSIER,  a  series  of  marine 
tertiary  limestones,  occurring  in 
the  vicinity  of  Paris. 

CALC  SINTER,  deposition  from  ther- 
mal springs  charged  with  carbo- 
nate of  lime. 
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CALCAREOUS,  applied  to  rocks  and 
other  substances,  of  which  lime  is 
the  base. 

CALCEDON  Y,  a  form  of  silex,  so  named 
from  the  city  of  Calcedon,  in 
Asia,  where  it  abounds. 

CALCEOLA,  a  little  shoe ;  a  genus  of 
shells. 

CALCIUM,  metallic  base  of  lime. 

CALYPTR^A,  a  cap  for  the  head ;  a 
genus  of  shells. 

CAMPANULARIA,  arborescent  corals, 
with  bell-shaped  cells. 

CANCELLARIA,  lat.,  cancelli,  like  pales 
of  a  fence ;  a  genus  of  shells. 

CANCELLATED,  the  cellular  structure 
of  a  bone. 

CAPSA,  a  coffer,  or  box ;  a  genus  of 
shells. 

CAPSULE  (socket),  the  hollow  or  con- 
cavity of  a  bone  which,  receives 
the  head  of  another  bone. 

CARBON,  the  elementary  constituent 
of  charcoal  and  the  diamond. 

CARBONATE  OP  LIME,  the  combina- 
tion of  lime  and  carbonic  acid  : 
all  limestones  and  marbles  are  so 
composed. 

CARBONIFEROUS,  producing  coal;  a 
term  improperly  applied  to  the 
rock  also  called  mountain  lime- 
stone. 

CARDITA,  allied  to  cardium ;  a  genus 
of  shells. 

CARDIUM,  a  heart ;  a  genus  of  shells. 

CARINARIA,  lat.,  carina,  the  keel  of 
a  vessel ;  a  genus  of  gasteropods. 

CARNEOUS,  fleshy. 

CAROCOLLA,  gr.,  caracalla,  a  kind  of 
hood. 

CARYOPHYLLIA,  branched  stellular 
coral. 

CASSIDARIA,  allied  to  cassis ;  a  genus 
of  shells. 

CASSIS,  a  helmet  ;  a  genus  of 
shells. 


CASTALIA,  name  of  a  daughter  of 

Achelous. 

CAUDAL,  belonging  to  the  tail. 
CENTRIFUGAL,  a  force  directed  from 

the  centre  to  the  circumference. 
CEPHALIC,  belonging  to  the  head. 
CEPHALOPODA,  mollusca  whose  organs- 

of  locomotion  are  arranged  round 

the  head. 
CERITHIUM,  cerites,  a  wax-coloured 

gem ;  a  genus  of  shells. 
CERVICAL,  belonging  to  the  neck. 
CETACEA,  an  order  of  mammalia,  in- 
habiting the  sea ;  whales. 
CHAMA,  pronounced  Tcama,  to  gape  \ 

a  genus  of  shells. 
CHELAE,  claws. 

CHELONI  A,  animals  of  the  turtle  tribe.. 
CHERT,  an  impure  variety  of  flint,, 

frequently  composed  of  silex  and 

greensand. 
CHITON,  pronounced  kiton,  a  coat  of 

mail ;  a  genus  of  shells. 
CHITONELLUS,  little  chiton. 
CHOANITE,  a  zoophyte  of  the  chalk. 
CILIA,  hair-like  vibratory  organs. 
CIRRI,  curled  processes,  as  in  the 

Barnacle. 
CLAUSILIA,  lat.,  claudo,  to  shut;  a. 

genus  of  shells. 
CLAVATED,  club-shaped. 
CLAVIGELLA,  lat.,  clava,  a  club;  a 

genus  of  shells. 
CLEAVAGE,    a    peculiar    laminated 

structure  in  slate  rocks. 
CLEODORA,  name  of  a  nymph;    a 

genus  of  shells. 
CLIO,  name  of  a  nymph,  and  a  muse; 

a  genus  of  ptcropoda. 
CLYMENE,  one  of  the  Nereids ;  a  ge- 
nus of  the  cephalopoda. 
COLEOPTERA,  insects  having  wing- 
cases,  as  beetles. 
COLUMBELLA,  lat.,  columba,  a  little 

dove. 
CONCHOID AL,  shelly. 
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CONCHOLEPAS,  conch  like  a  lepas ;  a 
genus  of  shells. 

CONCRETION,  a  combination  of  sepa- 
rate particles. 

CONDYLE,  an  articulated  surface  or 
joint. 

CONFORMABLE,  applied  to  strata  lying 
parallel  to  each  other. 

CONGLOMERATE,  a  mass  composed  of 
rounded  water-worn  fragments, 
cemented  together ;  as  breccia  is 
used  to  describe  a  similar  aggre- 
gation of  uneven  and  angular 
materials. 

CONIFERS,  trees  bearing  cones,  con- 
taining the  seeds,  as  the  fir,  pine,&c. 

CONOLITES,  lat.,  from  conus,  a  cone. 

CONUS,  a  cone ;  a  genus  of  shells. 

CORBIS,  a  basket ;  a  genus  of  shells. 

CORBULA,  a  little  basket ;  a  genus  of 
shells. 

CORDIFORM,  heart-shaped. 

CORNBRASH,  a  coarse,  shelly  lime- 
stone of  the  oolite. 

CORONULA,  lat.,  corona,  a  crown ;  a 
genus  of  shells. 

CORTICIFEROUS,  belonging  to  the 
bark  of  a  tree. 

COTYLEDONS,  seed-lobes  of  plants. 

CRAG,  a  provincial  term,  used  to 
designate  the  tertiary  deposits  of 
Norfolk  and  Suffolk. 

CRANIA,  a  skull ;  a  genus  of  shells. 

CRASSATELLA,  lat.,  crassus,  somewhat 
thick ;  a  genus,  of  shells. 

CRATER,  the  vent  at  the  summit  of 
a  volcano. 

CRATERIFORM,  having  the  form  of  a 
crater. 

CRENATULA,  a  little  notch ;  a  genus 
of  shells. 

CRENULATED,  notched  or  toothed. 

CREPiDULA,to., crepida, a  little  shoe; 
a  genus  of  shells. 

CRETACEOUS,  belonging  to  chalk. 

CRINOIDEA,  lily-shaoed  animals. 


1  CKISTELLARIA,  from  cris ta,  lat.,  crest, 

or  tuft. 

|  CROP  OUT,  signifying  the  emergence 
of  a  stratum  on  the  surface. 

CRUCIAL,  in  the  form  of  a  cross. 

CRUSTACEA,  animals  having  an  ex- 
ternal crust  or  skeleton,  as  the 
crab,  lobster,  &c. 

CRYPTOGAMI^,  a  class  of  plants  in 
which  the  organs  of  fructification 
or  reproduction  are  concealed. 

CRYSTALS,  symmetrical  forms  as- 
sumed by  mineral  substances. 

CRYSTALLISED,  is  used  to  denote  that 
perfect  form  of  crystallisation,  ot 
which  crystalline  implies  a  less 
perfect  degree.  Both  are  fre- 
quently used  indiscriminately. 

CUCULL.EA,  lat.,  cucidlus,  a  hood ;  a 
genus  of  shells. 

CUPREOUS,  coppery. 

CYATHIFORM,  cup-shaped. 

CYCADEJE,  a  family  of  plants,  na- 
tives of  the  Cape  of  Good  Hope, 
and  intermediate  between  the 
monocotyledonous  and  dicotyle- 
donous classes. 

CYCLAS,  orbicular ;  a  genus  of  shells. 

CYCLOSTOMA,  circular  mouth;  agenus 
of  shells. 

CYMBULIA,  lat.,  cymbula,  a  little 
boat ;  a  genus  of  shells. 

CYPR.EA,  lat.,  cypris,  a  name  of 
Venus  ;  a  genus  of  shells. 

CYPRICARDIA,  allied  to  cyprina  and 
cardium ;  a  genus  of  shells. 

CYPRINA,  from  Cyprus,  consecrated 
to  Venus ;  a  genus  of  shells. 

GYRENE,  daughter  to  the  river  Pe- 
neus  ;  Cyrena,  a  genus  of  shells. 

CYTHEREA,aname  of  Venus;  agenus 
of  shells. 

D. 

DEBRIS,  the  ruins  or  detritus  of 
rocks  and  strata. 
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DECIDUOUS,  parts  which  are  shed,  as 
leaves  of  trees. 

DELPHINULA,  lat.,  delphinus,  a  dol- 
phin ;  a  genus  of  shells. 

DELTA,  alluvial  deposits,  formed  by 
rivers. 

DENDRITIC,  branched,  like  a  tree. 

DENTALIUM,  lat.,  dens,  a  tooth;  a 
genus  of  shells. 

DENUDATION,  the  carrying  away  a 
portion  of  overlying  materials  by 
the  action  of  water. 

DERMAL,  belonging  to  the  skin. 

DESICCATION,  the  act  of  drying. 

DETRITUS,  disintegrated  materials  of 
rocks. 

DICERAS,  with  two  horns ;  a  genus 
of  shells. 

DICOTYLEDONOUS,  a  grand  division  of 
the  Vegetable  kingdom,  applied 
to  plants  having  two  cotyledons, 
or  seed-lobes. 

DIDELPHYS,  a  marsupial  animal, 
allied  to  the  opossum. 

DIKES,  the  intrusion  of  volcanic 
among  stratified  rocks.  The  name 
is  derived  from  the  term  applied 
in  Scotland  and  the  north  of 
England  to  walls,  owing  to  these 
ejections  frequently  presenting 
the  appearance  of  walls,  in  conse- 
quence of  the  strata,  on  both  sides 
having  been  worn  away. 

DILUVIUM,  a  term  employed  at  an 
early  period  of  the  science  to  de- 
signate ancient  alluvial  deposits. 

DIP,  the  inclination  of  strata. 

DIPTERA,  insects  having  two  wings, 

DISCOIDAL,  in  the  form  of  a  disc. 

DISCORBITES,  from  lat.,  discus,  a  disc, 
and  orbis,  an  orb. 

DOLABELLA,  lat.,  a  little  axe,  or 
hatchet ;  a  genus  of  shells. 

DOLIUM,  a  tun  ;  a  genus  of  shells. 
DOLOMITE,    crystalline    magnesian 
limestone. 


DONAX,  a  wedge ;  a  genus  of  sheila. 

DRUSES,  minute  crystals,  lining  the 
cavities  of  minerals;  as,  for  ex- 
ample, drusy  quartz  in  the  hollows 
of  flint  nodules. 


E. 

EARTH'S  CRUST,  that  portion  of  the 
solid  surface  of  the  earth  which  is 
accessible  to  human  observation. 

EBURNA,  lot.,  ebur,  ivory  ;  a  genus 
of  shells. 

ECHINODERMATA,  hedgehog-skinned; 
applied  to  creatures  having  a 
prickly  external  integument,  as 
the  echinus,  or  sea-urchin. 

ECHINUS,  sea-urchin. 


no  front  teeth,  as  the  Armadillo. 
ELYTRA,  wing-cases  of  insects. 
EMARGINULA,   lat.,    emarginatus,    a 

notched    margin  ;    a    genus    of 

shells. 
ENCRINITE,  a  genus   of  lily-shaped 

animals. 
ENTOMOSTRACEA,  shelled  crustaceans, 

as  the  Cyprides. 
EOCENE,  dawn  of  the  recent  or  exist- 

ing period. 

EPHEMERON,  the  creature  of  a  day. 
ERODED,  worn  away. 
ERYCINA,  a  surname  of  Yenus;   a 

genus  of  shells. 

ESCARPMENT,  the  steep  side  of  a  hill. 
ESTUARY,  the  mouth  of  a  river  alter- 

nately occupied  by  the  waters  of 

the  river  and  the  sea. 
ETHERIA,  one  of  the  sea-nymphs  ;  a 

genus  of  shells. 
EXUVIAE,  organic  remains. 

F. 

FALUN,  a  French  term  for  the  mid 
die  tertiary  strata. 

i  i 
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FASCIOLARIA,  fasciola,  lal.,  a  little 
band ;  a  genus  of  shells. 

FAULTS,  an  interruption  of  the  con- 
tinuity of  strata. 

FAUNA,  a  term  borrowed  from  the 
fauni,  or  rural  deities  of  classic 
mythology,  and  now  used  to  de- 
note the  animals,  as  the  flora  in- 
dicates the  plants,  of  any  given 
district. 

FELDSPAR,  a  simple  mineral  entering 
into  the  composition  of  granite 
and  several  other  igneous  rocks. 

FELDSPATHIC,  belonging  to,  or  com- 
posed of,  feldspar. 

FERRUGINOUS,  impregnated  with  iron. 

FISSURELLA,  a  little  fissure ;  a  genus 
of  shells. 

FISTULANA,  lot.,  fistula,  a  pipe. 

FLORA,  a  term  employed  to  denote 
the  plants  of  any  particular  region, 
as  the  term  fauna  indicates  its 
animals. 

FOLIACEOUS,  arranged  like  leaves. 

FORAMENIPERA,  a  division  of  ani- 
malcules having  perforated  shells. 

FORMATION,  a  group  or  series  of 
strata  referred  to  a  common  date 
or  origin. 

FOSSILS,  the  mineralised  remains  of 
animals  and  plants. 

FOSSILIFEROUS,  containing  fossils. 

FRIT,  a  frothy,  spongy  substance, 
arising  from  the  imperfect  calci- 
nation of  certain  minerals. 

Fusus,  a  spindle ;  a  genus  of 
shells. 

FUSIFORM,  spindle-shaped. 


G. 

GALA  THE  A,  name  of  a  sea-nymph. 

GALEOLARIA,  lat.,  galea,  a  helmet. 

GASTEROPODA,  molluscs  with  the  lo- 
comotive organs  on  the  under  part 
of  the  body,  as  the  snail. 


GASTROCH.ENA,  body  gaping;  a  genus 
of  shells. 

GAULT,  a  provincial  term  for  beds 
of  blue  clay,  which,  though  strictly 
applicable  only  to  those  of  the 
chalk  formation,  is  locally  applied 
to  those  of  other  deposits.  Thus 
the  clay  beds  of  the  oolite  of  Hun- 
tingdonshire are  termed  gault. 

GELATINOUS,  jelly-like  ;  semi-fluid 
like  jelly. 

GLACIER,  the  accumulations  of  ice 
and  snow  in  the  alpine  and  other 
mountains. 

GLOBOSE,  globe-like. 

GLTCIMERIS,  name  of  a  shell. 

GNEISS,  a  primary  stratified  rock. 

GORGONIA,  a  genus  of  flexible  arbo- 
rescent corals. 

GRALL^E,  (stilts,)  applied  to  birds 
having  feet  like  the  heron. 

GRAMINE.E,  the  family  of  plants  com- 
posing the  grasses. 

GRANULES,  little  grains. 

GREENSAND,  LOWER,  the  lowermost 
member  of  the  chalk  formation. 

GREENSTONE,  a  variety  of  trap-rock, 
composed  of  hornblende  and  feld- 
spar. 

GREYWACKE,  a  term  applied  to  rocks 
of  conglomeritic  character,  bear- 
ing marks  of  induration  by  heat. 

GRIT,  coarse-grained  sandstone. 

GRYPH^A,  with  a  hooked  nose ;  a 
genus  of  shells. 

GYPSUM,  a  mineral  composed  of  lime 
and  sulphuric  acid ;  sulphate  of 
lime. 


H. 

HALIOTIS,  the  sea-ear;   a  genus  of 

shells. 
HAMITE,  hook-shaped.     A  shell  of 

an  extinct  genus  of  cephalopoda. 
HARPA,  a  harp ;  a  genus  of  shells. 
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HELICINA,  like  helix;    a  genus  of 

shells. 
HELIX,  a  spiral  line;   a  genus  of 

shells. 

HERBIVOROUS,  living  on  herbs. 
HIATELLA,  lat.,  hiatus,    the    little 

gaper ;  a  genus  of  shells. 
HIPPOPUS,  horse's  foot. 
HIPPURITES,  lat.,  liippuris  ;  a  genus 

of  shells. 
HOLOPTYCHIUS,  all  wrinkle  fish,  in 

allusion  to  the  corrugated  scales. 
HOMALONOTUS,  a  genus  of  trilobites, 

occurring  in  the  Silurian  deposits ; 

so  named  by  Mr.  Konig,  from  the 

smoothness  of  the  back. 
HOMOLOGUE,  the  analogous  organ  in 

different  animals. 
HORNBLENDE,  a  simple  mineral  of  a 

dark-green  or  black  colour. 
HYAL.EA,  a  glass ;  a  genus  of  gastero- 

pods. 
HYALINE,  crystalline  appearance,  or 

pellucid. 

HYDRA,  freshwater  polype. 
HYDROZOA,  coral  polypes  organised 

like  the  polype. 
HYLJEOSAURUS,  the  lizard  of  the  weald. 

An  extinct  lizard  discovered  by 

Dr.  Mantell  in  the  sandstone  of 

that  formation. 
HYMENOPTERA,    insects    with    four 

membranous  wings. 
HYPOGENE,  a  term  used  by  Sir  C.  Lyell 

to  denote  the  primary  rocks,  and 

signifying  that  they  are  formed 

beneath  the  surface. 
HYRIA,  a  honey-comb;  a  genus  of 

shells. 


I. 

ICEBERG,  a  term  derived  from  the 
German,  which  literally  means  a 
mountain  of  ice,  and  is  applied  to 
the  masses  of  that  substance, 


often  the  size  of  hills,  which  float, 
partly  in,  partly  out  of  the  water, 
both  in  polar,  northern,  and 
southern  seas. 

ICHTHYOSAURUS,  fish-like  lizard  ;  a 
gigantic  marine  reptile,  partaking 
of  the  characters  of  the  crocodile 
and  the  fish. 

IGUANA,  an  existing  lizard,  a  native 
of  India,  America,  &c. 

IGUANODON,  a  colossal,  extinct  sau- 
rian, discovered  by  Dr.  Mantell 
in  the  wealden  formation ;  so 
named  from  its  teeth  resembling 
those  of  the  recent  iguana. 

IMBRICATED,  placed  one  above  the 
other,  like  the  tiles  of  a  house. 

INCANDESCENT,  a  term  applied  to 
mineral  masses  in  a  state  of  fu- 
sion. 

INDUCTION,  the  establishing  a  general 
conclusion  from  various  individual 
facts. 

INFUSORIA,  microscopic  animalcules 
generated  in  infusions. 

INSECTIVOROUS,  animals  that  live  on 
insects,  as  the  hedgehog. 

INSPISSATED,  dried  up. 

INVERTEBRATA,  animals  destitute  of 
a  spine  or  vertebral  column,  as 
the  crab,  worm,  &c. 

IRIDINA,.  lot.,  iris,  a  rainbow. 

ISOCARDIA,  symmetrical  heart;  a 
genus  of  shells. 


J. 

JANTHINA,  lat.,  ianthum,  a  violet ;  a 
genus  of  shells. 

JURA  LIMESTONE,  calcaire  jurassique. 
strata  of  the  oolitic  series,  which, 
constituting  the  mass  of  Mount 
Jura,  derive,  from  this  circum- 
stance, the  name  by  which  they 
arc  best  known  on  the  Conti- 
nent. 
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KIMMERIDGE  CLAY,  a  thick  bed  of 
bituminous  clay,  so  called  from 
Kimmeridge,  in  the  Isle  of  Pur- 
beck,  where  it  chiefly  occurs. 


LACUSTRINE,  belonging  to  a  lake. 
LAMELLA,  thin  plates,  like  sheets  of 

paper. 
LAMELLATED,    covered    with    thin 

plates,  or  scales. 
LAMELLIFORM,  shaped  like  a  thin 

plate,  or  scale. 
LAMINA,  thin  plates. 
LAMINATED,  arranged  in  thin  plates. 
LAPILLI,  volcanic  ashes,  in  which 

globular  concretions  prevail. 
LAPLYSIA,  a  sponge  that  cannot  be 

cleaned ;  a  genus  of  gasteropoda. 
LARVA,  the  first  stage  of  an  insect. 
LAVA,  the  stone  flowing  in  a  melted 

state  from  a  volcano. 
LENTICULITES,  lat.,  lenticula,  a  little 

lentil. 
LEPIDOPTERA,  insects  having  scaly 

wings,  as  moths. 

LIAS,  corrupted  from  layers.    Em- 
ployed to  designate  the  formation 

intermediate  between  the  oolite 

and  new  red  sandstone. 
LIGNITE,  wood  partially  converted 

into  coal. 

LIMA,  a  file ;  a  genus  of  shells. 
LIMAX,  a  snail,  or  slug. 
LIMACINA,  lat.,  Umax. 
LINGULA,  a  little  tongue ;  a  genus  of 

shells. 
LiTHODAMi,mollusca  which  perforate 

stones,  shells,  &c. 
LITHOLOGICAL,  used  to  denote  the 

stony  character  of  a  mineral  mass. 
LITHOPHYTES,  stone  plants ;  a  term 

applied  to  corals. 


LITTORAL,  belonging  to  the  sea- 
shore. 

LITUOLITES,  lat,  litnus,  crooked 
trumpet;  a  genus  of  cephalopoda. 

LOAM,  a  mixture  of  sand  and  clay. 

LOESS,  a  tertiary  deposit  on  the 
banks  of  the  Rhine. 

LOLIGO,  for  a  cuttle-fish. 

LOPHIDON,  an  extinct  animal  of  the 
order  Pachydermata,  so  named 
from  the  prominences  on  its  teeth. 

LOLIGOPSIS,  like  loligo. 

LUCINA,  name  of  a  goddes :  a  genus 
of  shells. 

LUTRARIA,  lat.,  lutra,  an  otter,  from 
frequenting  mud ;  a  genus  of 
shells. 

LYCOPODIACEJE,  an  extinct  genus  of 
plants,  allied  to  the  club-mosses, 
which  occur  on  the  moors  and 
mountain-heaths  of  the  north  of 
England. 

LYMN^IA,  a  genus  of  shells. 


M. 


to 


MACROURA,   long    tail,    applied 
crustaceans,  as  the  lobster. 

MACROPOMA,  long  operculum,  name 
of  a  fossil  fish. 

MACTRA,  a  kneading-trough;  a  genus 
of  shells. 

MADREPORE,  (literally  mother  of 
pores,}  a  term  descriptive  of  corals 
which  have  superficial,  star-shaped 
cavities  or  pores. 

MAGILUS,  a  genus  of  shells. 

MALLEUS,  a  hammer. 

MAMMALIA    )  animals    which    give 

MAMMIFERA  ]     suck  to  their  young. 

MAMMILLARY,  a  surface  studded  over 
with  rounded  projections. 

MAMMILLATED,  studded  with  mam- 
millae, or  rounded  protuberances. 

MAMMOTH,  the  elephas  primigenius, 
or  primitive  elephant. 
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MANDIBLES,  jaws. 

MANTLE,  the  soft  external  envelope 

of  the  molluscs. 
MARGINELLA,  lat.,  inargo,  a  margin, 

alluding  to  the  outer  lip ;  a  genus 

of  shells. 
MARL,  a  mixture  of  lime  and  clay, 

of  various  degrees  of  hardness. 
MARSUPIALS,   animals  which  carry 

their  young  in  a  pouch,  as  the 

kangaroo. 
MAUSUPITE,   a  zoophyte,   allied    to 

the   crinoidea,   occurring  in  the 

chalk. 
MASTODON,  an  extinct  animal,  allied 

to  the  elephant,  the  name  being 

derived  from  its  having  tubercu- 

lated  teeth,  from  ^aaros,  a  breast, 

and  oSows,  a  tooth. 
MATRIX,  the  mass  or  substance  in 

which  a  fossil  is  embedded. 
MECHANICAL,  applied  to  deposits  of 

sedimentary,     as     distinguished 

from  those  of  igneous  origin. 
MEDULLARY,  applied  to  the  central 

pith  of  plants,  and  the  vertebral 

canal  of  animals. 
MEGALONYX,    great-clawed    animal, 

allied  to  the  sloth. 
MEGALOSAURUS,  great  lizard  :  an  ex- 
tinct   gigantic   carnivorous  rep- 
tile. 
MEGATHERIUM,  an  extinct  colossal 

quadruped,  allied  to  the  sloth. 
MELANIA,  black ;  a  genus  of  shells. 
MELANOPSIS,  like  melania ;  a  genus 

of  shells. 

MELEAGRINA,  a  guinea-fowl. 
MELONITES,  lat.,  melo,  a  melon. 

(the  change  in- 
duced in  strata 
by  exposure  to 
a  high  tempera- 
ture. 

MICA,  a  simple  mineral,  one  of  the 
component  parts  of  granite. 


MICACEOUS,  containing  mica. 
MILIOLITES,    lat.,   milium,    millet; 

forameniferous  shells. 
MIOCENE,  middle  tertiary  strata. 
MITRA,  a  mitre  ;  a  genus  of  shells. 
MODIOLA,  a  little  measure,  or  bucket; 

a  genus  of  shells. 
MOLARES,  the  double  or  grinding 

teeth. 

MOLECULES,  microscopic  particles. 
MOLLUSCA,  animals  with  soft  bodies, 

destitute  of  bones. 
MONADS,    the    minutest    infusorial 

animalcules. 
MONITOR,  a  lizard,  found  both  recent 

and  fossil. 
MONOCEROS,  one-horned ;  a  genus  of 

shells. 
MONOCOTYLEDONOUS,  a  grand  division 

of  the  vegetable  kingdom,  founded 

on  the  plant  having  but  one  coty- 
ledon, or  seed-lobe. 
MONODONTA,  one  tooth ;  a  genus  of 

shells. 
MORAINE,  an  accumulation  of  debris 

formed  in  valleys  by  glaciers. 
MULTILOCULAR,    applied    to    many- 
chambered  shells,  as  the  nautilus, 

and  ammonite. 
MULTIVALVE,    shells    composed    of 

many  pieces,  as  the  chiton. 
MUREX,  a  shell  producing  purple ; 

genus  of  shells. 
MUSCHELKALK,  a  shelly  limestone  of 

the  triasic  system. 
MYA,  a  mussel ;  a  genus  of  shells. 
MYTILUS,  for  a  kind  of  mussel ;  a 

genus  of  shells. 


N. 

NACREOUS,  pearly. 

NATICA,  adapted  for  sailing;  a  genus 

of  shells. 
NAUTILUS,  lat.,  nauta,  a  sailor;  a 

genus  of  shells. 
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NAVICELLA,  lat.,  navicula,  a  little 
boat ;  shell  of  infusoria. 

NEIUTA,  hollow ;  a  genus  of  shells. 

NERITINA,  like  uerita;  a  genus  of 
shells. 

NEUROPTERA,  insects  having  wings 
finely  nerved,  as  the  dragon-fly. 

NODOSARIA,  lat.,  nodus,  a  knot. 

NODULE,  a  rounded  irregularly- 
shaped  mass,  as  a  flint. 

NORMAL,  regular  or  legitimate;  thus 
normal  form  means  regular  or 
legitimate  form. 

NUCLEUS,  the  centre  or  point  around 
which  other  matter  is  collected. 

NUCULA,  a  small  nut;  a  genus  of 
shells. 

NUMMULITE,  an  extinct  many-cham- 
bered shell,  resembling  a  coin ; 
lot.,  nummus,  whence  its  name. 

NUMMULITES,  lat.,  nummulus,  a 
small  coin. 


0. 

OBSIDIAN,  volcanic  glass. 

OCCIPUT,  the  back  part  of  the  skull. 

OCTOPUS,  a  foot ;  a  genus  of  cephalo- 
poda. 

OLIVA,  an  olive ;  a  genus  of  shells. 

ONCHIDIUM,  a  genus  of  gasteropoda. 

OOLITE,  limestone  composed  of  an 
aggregation  of  spheroidal,  egg-like 
particles. 

OPERCULUM,  a  lid;  applied  to  the 
gill-covering  in  fishes,  and  the 
plate  that  closes  the  aperture  in 
univalve  shells. 

OPHIDIAN,  the  snake  and  serpents. 

ORBICULA,  a  little  ball ;  a  genus  of 
shells. 

ORBICULINA,  lat.,  orbiculus,  a  little 
orb ;  a  genus  of  foramenifera. 

ORBITULITES,  lat,,  orbis,  an  orb ;  a 
genus  of  corals. 

ORNITHORYNCHUS,  a  genus  of  animals 


having  the  mouth  produced  into- 
a  beak,  like  a  bird. 

ORTHOCERA,  straight  horn ;  a  genus 
of  cephalopoda. 

ORTHOCERATITE,  a  straight  many- 
chambered  extinct  shell. 

OSSICULA,  minute  bones. 

OSTREA,  an  oyster. 

OTION,  a  little  ear;  a  genus  of 
cirrhipoda. 

OUTLIERS,  detached  portions  of  a 
main  mass  of  strata. 

OVATE,  egg-shaped. 

OVIPAROUS,  animals  which  bring 
forth  eggs. 

OVULA,  lat,  ovum,  an  egg ;  a  genus 
of  shells. 

OXYDE,  the  combination  of  oxygen 
with  a  metal. 

OXYGEN  :  for  a  complete  explanation, 
consult  various  works  on  chemis- 
try. The  beginner  may  be  con- 
tented with  knowing,  that  it  con- 
stitutes the  vital  portion  of  the 
atmosphere,  and  enters  so  largely 
into  the  composition  of  rocks,  as 
to  constitute  a  considerable  part 
of  the  solid  strata  of  the  earth. 

P. 

PACHYDERMATA,  an  order  of  animals, 
including  the  elephant,  rhinoceros, 
horse,  pig,  &c.,  distinguished,  as 
their  name,  which  is  derived  from 
the  .Greek,  imports,  by  having 
thick  skins. 

PALAEONTOLOGY,  the  science  which 
treats  of  extinct  animals. 

PAL^OTHERIUM,  an  extinct  quadru- 
ped, allied  to  the  tapir. 

PALUDINA,  a  freshwater  shell,  of 
snail-like  shape. 

PALUDINA,  lat.,  palus,  a  marsh. 

PANDORA,  alluding  to  Pandora's  box. 

PARIETES,  the  walls  of  the  cavities  in 
animals. 
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PANOPJEA,  all  aperture  ;  a  genus  of 

shells. 
PARMACELLA,  lat.,  parma,  a  little 

shield  ;  a  genus  of  gasteropoda. 
PARMOPHORUS,  shield-bearing. 
PATELLA,  a  bason,  the  knee-pan; 

a  genus  of  shells. 

PECTEN,  a  comb  ;  a  genus  of  shells. 
PECTINARIA,  from  pecten,  a  comb. 
PECTINATED,  toothed  like  a  comb. 
PECTUNCULUS,  a  genus  of  shells. 
PEDIFORM,  shaped  like  a  foot. 
PEDUM,  a  shepherd's  crook. 
PEDUNCLE,  a  stalk  or  support. 


PEPERINO,  a  volcanic  conglomerate. 
PERNA,  a  gammon  of  bacon,  a  pig's 

foot  ;  a  genus  of  shells. 
PETRICOLA,  inhabiting  rocks. 
PETROLEUM,  mineral  oil. 
PHASIANELLA,  a  little  pheasant;  a 

genus  of  shells. 
PHOLAS,  a  burrow,  to  pierce;  a  genus 

of  shells. 

PHYLLIDIA,  a  genus  of  gasteropoda. 
PIIYLLIROE.       do.,  do. 

PHYSA,  a  genus  of  shells. 
PILEOPSIS,  like  a  bonnet  ;  a  genus  of 

shells. 
PINNA,  a  plume,  or  feather  ;  a  genus 

of  shells. 
PINNATE,  shaped  like  a  feather,  or 

fin. 
PIRENA,  the  point  of  a  sword  ;  a  ge- 

nus of  shells. 
PISOLITIC,  pea-like;  resembling  peas, 

agglutinated  together. 
PLACENTULA,  a  little  cake. 
PLACUNA,  a  broad  table  ;  a  genus  of 

shells. 
PLAGIOSTOMA,  an  oblique  mouth  ;  a 

genus  of  shells. 
PLANAXIS,  flattened  axis? 
PLANORBIS,  flat    orb;    a    genus  of 

shells. 


PLANORBIS,  a  freshwater  shell,  of 
discoidal  form. 

PLESIOSAURUS,  an  extinct  fossil  genus 
of  saurian  or  reptiles,  approxi- 
mating more  closely  to  the  lizard 
than  the  fish,  as  the  ichthyo- 
saurus approaches  more  nearly 
to  ihe  fish  than  the  lizard. 

PLEUROBRANCHUS,  branchiae  at  the 
side ;  a  genus  of  shells. 

PLEUROTOM  A,  having  the  edge  cleft; 
a  genus  of  shells. 

PLEXUS,  a  bundle  of  vessels. 

PLICATULA,  lat.,  plica,  a  little  fold, 
or  wrinkle ;  a  genus  of  shells. 

PLIOCENE,  the  newer  groups  of  the 
tertiary  formations. 

PLUMOSE,  feather-like. 

PNEUMODERMON,  skin-like  lungs;  a 
genus  of  pteropoda. 

PODOPSIS,  like  a  foot. 

POLLIOIPES,  lat.,  pollex,  the  thumb, 
and  pes,  the  foot;  a  genus  of 
cirrhipoda. 

POLYGYRA,  many  whorls. 

POLYPARIA,  corals. 

POLYSTOMELLA,  many-mouthed, 

PORPHYRY,  an  igneous  rock. 

POZZUOLANA,  volcanic  ashes. 

PRECIPITATE,  the  chemical  deposit 
of  a  substance  held  in  solution 
by  water. 

PRODUCTA,  an  extinct  bivalve  shell, 
found  in  the  lower  secondary 
rocks. 

PSAMMOBIA,  living  in  sand ;  a  genus 
of  shells. 

PTEROCERA,  horned  wing ;  a  genus 
of  shells. 

PTERODACTYLS,  an  extinct  winged 
reptile. 

PTEROTRACHEA,  winged  trachea. 

PTYCHODUS,  wrinkle-tooth  fish. 

PUMICE,  light,  spongy,  porous  lava. 

PUPA,  a  puppet. 

PURPURA,  a  shell  producing  purple. 
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PYRAMIDELLA,  a  pyramid;  a  genus 
of  shells. 

PYRGOMA,  a  tower ;  a  genus  of 
cirrhipoda. 

PYRIFORM,  pear-shaped. 

PYRITES,  sulphuret  of  iron,  a  com- 
pound of  sulphur  and  iron. 

PYROGENOUS,  igneous,  applied  to 
ancient  melted  rock;?. 

PYRULA,  a  little  pear;  a  genus  of 
shells. 


Q. 


the 


QUADRUMANA,     four -handed, 

monkey-tribes. 
QUA-QUA-VERSAL  DIP,  the  dip  of  beds. 

from  a   common  centre    to    all 

points  of  the  horizon. 
QUARTZ,  a  simple  mineral,  composed 

of  silex,  in  its  purest  form. 
QUARTZOSE,  rocks  composed  of  silex, 

or  flint. 


B. 

KADI  AT  A,  the  lowest  primary  division 
of  the  animal  kingdom ;  as  the 
echinoderms,  polyparia,  &c. 

EADIOLITES,  lat.,  radius,  a  ray;  a 
genera  of  shells. 

RAMOSE,  branched. 

RANELLA,  a  little  frog ;  a  genus  of 
shells. 

RENIFORM,  kidney-shaped. 

RENULITES,  lot.,  ren,  a  kidney. 

RETICULATE,  resembling  net-work. 

RHOMB,  a  quadrilateral  figure,  of 
diamond-like  shape,  having  its 
four  sides  equal. 

RHOMBOID,  a  similar  figure,  having 
only  two  sides  equal. 

RICINULA,  like  the  castor-oil  seed. 

RODENTIA,  gnawers :  an  order  of 
animals  having  a  peculiar  denti- 
tion, as  the  rabbit,  hare,  squirrel, 
rat,  &c.  .2 


ROSTELLARIA,  a  little  beak ;  a  genus 
of  shells. 

ROTALITES,  lat.,  rota,  a  wheel ;  a  ge- 
nus of  foramenifera. 

ROTELLA,  a  very  small  wheel ;  do. 

RUBBLE,  fragmentary  beds  of  stone. 

RUMINANTIA,  lat.,  rumino,  animals 
which  chew  the  cud  or  ruminate 
as  the  ox,  deer,  &c. 


S. 

SABELLARIA,  lat.  sabellum,  coarse 
sand. 

SANGUINOLARIA,  lat,  sanguis,  blood ; 
a  genus  of  shells. 

SAURIAN,  an  animal,  belonging  to 
the  lizard  tribe. 

SAXICAVA,  lat.  saxum,  a  rock,  and 
cavo,  to  hollow;  a  genus  of  shells. 

SCALARIA,  a  flight  of  stairs;  a  genus 
of  shells. 

SCAPHITE,  extinct  genus  of  cepha- 
lopoda, of  a  boat-like  form. 

SCHIST,  the  same  as  slate,  from  the 
Greek  o'X'C"',  to  split,  in  allusion 
to  the  facility  with  which  rocks 
of  this  texture  may  be  divided  or 
split. 

SCORIA,  volcanic  cinders. 

SECULAR,  used  to  describe  the  vast 
periods  of  geological  changes. 
Thus  secular  refrigeration  indi- 
cates the  succession  of  ages,  during 
which  our  planet  has  cooled  doM'n 
from  its  presumed  original  state 
of  fluidity,  to  its  present  solid 
condition. 

SEDIMENTARY,  deposited  as  a  sedi- 
ment by  water. 

SEGREGATION,  a  chemical  separation 
of  mineral  substances. 

SEPIA,  lat.,  sepio,  to  cover  or  conceal  ; 
a  genus  of  cephalopoda. 

SEPTA,  partition,  as  in  the  shells  of 
the  nautili. 
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SEPTARIA,  lat.,  septum,  a  division. 

SEPTARIA,  nodules  of  clay,  having 
their  crevices  filled  with  spar,  and 
frequently  with  some' organic  sub- 
stance, as  a  nucleus,  in  the  centre. 

SERPENTINE,  a  rock,  the  name  of 
which  is  derived  from  its  stripes 
and  markings  frequently  resem- 
bling the  skin  of  a  serpent.  In 
its  normal  form  it  is  composed  of 
diallage  and  magnesia. 

SERPULA,  a  serpent ;  a  genus  of  an- 
nelida. 

SERRATED,  toothed  like  a  saw. 

SERTULARIA,  a  genus  of  arborescent 
corals. 

SHALE  or  SCHIST,  indurated  slaty  clay. 

SIDEROLITES,  lat.,  sidus,  a  star. 

SIGARETUS,  a  genus  of  gasteropods. 

SILEX,  flint. 

SILICA  or  SILICON,  the  base  of  flint. 

SILICEOUS,  flinty. 

SILICIFIED,  changed  to  flint. 

SILIQUAHIA,  lat.,  siliqua,  a  bean-pod; 
a  genus  of  shells. 

SILT,  the  comminuted  detritus  trans- 
ported by  rivers. 

SINTER,  a  precipitate  from  mineral 
springs. 

SOLARIUM,  a  sun-dial ;  a  genus  of 
shells. 

SOLEN,  a  pipe  or  tube ;  a  genus  of 
shells. 

SOLENOMYA,  allied  to  solen  and  mya. 

SPATANGUS,  a  genus  of  sea-urchins. 

SPATHOSE,  opaque. 

SPHJSRULITES,  lat.,  sphcerula,  a  little 
globe  ;  a  genus  of  shells. 

SPHEROIDAL,  obtuse,  or  having  the 
form  of  a  spheroid. 

SPICULA,  sharp-pointed  processes. 

SPIROLINITES,  lat.,  spimda. 

SPIRORBIS,  a  spiral  orb. 

SPIRULA,  a  little  spire. 

SPONDYLUS,  head  of  a  prickly 
artichoke;  a  genus  of  shells. 


SQUAMOUS,  arranged  like  scales. 
STALACTITE,  the  dripping  of  carbo- 

nate of  lime. 
STALAGMITE,    the    same    substance 

dropped  on  the  earth. 
STELLULAR,  having,  star-like  forms. 
STERNAL,  relating  to  the  sternum  or 

breast-bone. 

STERNUM,  the  breast-bone. 
STOMATELLA,  a  little  mouth. 
STOMATIA,  like  a  mouth. 
STRATIFIED,  deposited  in  layers  or 

strata. 

STRATUM,  a  layer  of  any  deposit. 
STRIKE,   the    direction    or  line    of 

bearing  of  strata,  which  is  always 

at  right  angles  to  the  dip. 
STROMBUS,  a  sort  of  shell-fish  ;  a  ge- 

nus of  shells. 

STRUTHIOLARIA,  an  ostrich. 
STUFAS,    volcanic    vents    emitting 

gases  and  vapours. 
SUCCINEA,  amber-coloured. 
SYENITE,  a  variety  of  granite,  in 

which    hornblende   supplies   the 

place  of  mica  ;  so  named  from  the 

city  of  Syene  in  Egypt,  where  it 

occurs. 

SYMPHINOTA,  united  at  the  back. 
SYNCLINAL  Axis,  the  reverse  of  anti- 

clinal, the  point  at  which   the 

strata    converge    towards    each 

other. 

T. 

TELLENIDES,  like  tellina. 
TELLINA,  the  name  of  a  swift  fish. 
TENTACULA,  feelers. 
TEREBELLA,  a  little  auger. 
TEREBELLUM,  a  little  auger. 


TEREDINA,  resembling  teredo. 
TEREDO,  a  worm  that  bores  wood. 
TERTIARY,  ancient  formations,  but 

newer  than  the  chalk. 
TESTACEA,  molluscous   animals,  as 

snails  and  whelks,  scallops  and 
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oysters,  which  have  a  shelly 
covering,  of  which  others  are 
destitute. 

TESTACELLA,  a  little  shell. 

THERMAL,  hot. 

THORACIC,  belonging  to  the  chest  or 
thorax. 

TORNATELLA,  lat.t  torno,  to  turn  in  a 
lathe. 

TRACHYTE,  a  variety  of  lava  com- 
posed of  feldspar,  and  often  con- 
taining crystals  of  glassy  feldspar. 
It  frequently  passes  into  other 
varieties  of  igneous  rock. 

TRAP,  volcanic  rocks  composed  of 
feldspar,  augite,  and  hornblende. 

TRAVERTINE,  crystalline  tufaceous 
limestone. 

TRICUSPID,  having  three  points. 

TRIDACNA,  three  bites. 

TRIDACTYLE,  three-fingered. 

TRIGONIA,  three  corners. 

TRILOBATE,  three-lobed. 

TRILOBITES,  an  extinct  family  of 
Crustacea,  having  the  back  usually 
divided  into  three  lobes. 

TRITON, -a  sea  deity. 

TROCHUS,  a  child's  top. 

TUBICINELLA,  a  little  trumpet. 

TCFA,  calcareous  deposit  from  in- 
crusting  streams. 

TUFF,  earthy  volcanic  rock. 

TURBINATED,  top-shaped,  in  form  of 
an  inverted  cone. 

TURBINELLA,  like  a  wreath. 

TURBO,  lot.,  a  wreath. 

TURRILITES,  lot.,  turris,  a  tower. 

TURRITELLA,  a  little  tower. 

U. 

UMBRELLA,  a  little  shade. 

UNCONFORMABLE,  strata  lying  in  a  dif- 
ferent position  from  those  on  which 
they  rest,  or  which  rest  on  them. 

UNGULATA,  hoofed. 

UNGULINA,  lat.,  ungula,  a  hoof. 


UNIO,  a  pearl. 

UNIVALVE,  shell  composed  of  but 
one  piece. 

Y. 

VALVATA,  lot.,  valva,  a  folding-door. 

VEINS,  fissures  in  rocks  filled  up 
by  extraneous  substances,  either 
earthy  or  volcanic. 

VENERICARDIA,  allied  to  Venus  and 
cardium. 

VERMES,  worms. 

VERMETUS,  lat.,  vermis,  a  worm. 

VERMIFORM,  worm-shaped. 

VERMILIA,  lat.,  vermis,  a  worm. 

VERTEBRATA,  a  great  division  of  the 
animal  kingdom,  all  which  are 
furnished  with  a  back-bone,  as 
mammalia,  birds,  reptiles,  and 
fishes,  as  distinguished  from 
mollusca,  articulata,  Crustacea, 
zoophytes,  and  insects,  which 
have  none. 

VERTICILLATE,  arranged  in  whorls. 

VESICULAR,  full  of  vesicles  or  cells. 

VILLI,  processes  in  animal  struc- 
tures, resembling  the  pile  of 
velvet. 

VITRIFACTION,  the  fusion  of  a  sub- 
stance into  glass  by  heat. 

VITRINA,  lat.,  vitrum,  glass. 

VIVIPAROUS,  bringing  forth  live 
young. 

VOLVARIA,  lot.,  VOlvO,  to  roll. 

VOLUTA,  a  volute,  or  scroll. 
VORTICIALIS,  lot.,  vortex,  a  whirlpool. 
VULSELLA,  tweezers. 

Z. 

ZOOLITE,  peculiar  minerals  found  in 

volcanic  rocks. 

ZOOLOGY,  the  study  of  animals. 
ZOOLOGICAL,  relating  to  animals. 
ZOOPHYTES,   animal  vegetables ;    a 

term  incorrectly  applied  to  corals 

and  other  animals,  supposed  to> 

resemble  plants  in  form. 
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ABIES,  fossil  species,  193. 

Absence  of  strata,  how  accounted 
for,  133. 

Acanthodidse,  282. 

Acephalous  mollusca,  230. 

Acerinse,  195. 

Acetabulifera,  252,  255. 

Acipenser,  278. 

Acipenseridse,  278. 

Acquaintance  with  geology,  its  ad- 
vantages in  connexion  with 
mining,  5  ;  civil  engineering,  10  ; 
agriculture,  10  ;  the  arts,  12  ; 
health,  13  ;  mental  discipline,  15. 

Acrodas  nobilis,  277. 

Acrolepisidse,  282. 

Adapis,  326. 

yElodon,  295. 

yEonia,  262. 

yEshna,  267. 

—  Brodei,  268. 

—  grandis  (figure),  268. 

—  liassina,  267. 
JEthophyllum,  196. 
Agamise  (illustration),  179. 
Agaricia,  412. 

Agassiz,  glacial  theory  of,  43  ;  his 
arrangement  of  fossil  fishes,  275. 

Age  of  mountain  chains,  151. 

Agnotherium,  338. 

Agriculture,  geology  applied  to,  10. 

Aix,  tertiary  strata  of,  193,  371. 

Albertia,  429. 

Alligator,  fossil,  295. 

Alois,  264. 

Alum  bay,  geological  section,  348. 

Amblyarus,  421. 

Amentacsea,  195. 

Ammonite,  with  snake's  head,  legend 
and  figure,  23,  24. 

Ammonites  (figures),  252,  253,420. 


Amomocarpum,  195 
Amphiagon,  338. 
Amphyx,  262. 
Amyxodon,  338. 
Anabates,  309. 
Ananchytes,  384. 

—         ovata  (figure),  225. 
Anas,  31 3. 
Anatifida,  259. 

Ancyloceras  gigas  (figure),  254. 
Andrias  Scheuchtzeri  (figure),  304, 

405. 
Animal  kingdom,  great  divisions  of 

the,  212 ;  detail,  213  et  seq. 

—     origin  of  chalk  and  flint,  383. 
Annelida      dombranchiata,      258  ; 

tubicola,  258. 

Anoplotherium,  324 ;  figure,  325. 
Anomopteris,  185. 
Anser,  313. 
Anteates,  fossil,  338. 
Antholites,  194. 
Anthozoa,  216,  217. 
Anthracotherium,  324. 
Anticlinal    and    agricultural    lines 

(illustration),  148. 
Antilope,  320. 
Antiquity  of  the  earth,  considerations 

on  the,  49. 
Antrimpos,  264. 

Apiocrinites  rotundus  (figure),  227. 
Apus,  263. 
Aquila,  309. 
Arachnida,  265. 
Araucaria,  glands  of  the  stems  of 

the  (illustration),  201. 
Area,  419  ;  figures,  362,  387,  419. 
Archseomys,  336. 
Archseoniscus,  264. 
Arched  strata  (illustration),  141. 
Archegonus,  262. 
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Architecture,  geology  applied  to,  12. 

Arctic  climate  of  a  part  of  the  ter- 
tiary period,  61. 

Arduino  classifies  rocks  as  primary, 
secondary,  and  tertiary,  33. 

Arenaceous  deposits,  134. 

Arges,  263. 

Argillaceous  deposits,  134. 

Armadillo,  fossil,  334. 

Arrangement  of  deposits,  1 13,  146  ; 
illustration,  143  ;  of  strata,  114  ; 
order  never  inverted,  59. 

Artesian  wells,  10  ;  illustration,  11  ; 
depth  of  various,  1 1. 

Articulata,  257. 

Asaphidse,  262. 

Asaphus,  262. 

Astacus,  265,  422. 

—  Vectensis  (figure),  265. 
Astarte  plana  (figure),  357. 
Asteriadae,  226. 

Asteridce,  226. 

Asterodenus,  276. 

Asterophyllites,  1 92. 

foliosa  (figure),  192. 

Astrea,  412,  41.0. 

Astronomy,  antiquity  of  the  earth 
proved  by,  52. 

Atherfield,  greensand  strata,  fossils 
from,  385—388. 

Atmospheric  agency,  349. 

Auchenia,  322. 

—       glama  (figure),  323. 

Augustin,  St.,  notice  of  fossil  shells 
by,  22. 

Aura,  264. 

Auvergne,  dormant  volcanoes  of,  372; 
la  Limague,  373  ;  indusial  lime- 
stone, 375. 

Avicula,  399,  419,429. 

—  longicostata  (figure),  237. 

B. 

BACILLARID.E,  220. 
Badger,  fossil,  338. 
Baleena,  317. 
Balsenidaj,  317. 
Baleenodon,  317. 
Balsenoptera,  317. 


Balantidee,  259. 
Balanus,  368. 

Baldassari    establishes   several   im- 
portant geological  principles,  33. 
Barrier   reefs   of  coral,   their   vast 

extent,  217. 
Barton  series,  368. 
Basalt,  123;  experiment  of  Gregory 

Watt,  as  to  its  formation,  124. 
Basilosaurus,  former  appellation  of 

the  zeuglodon,  318. 
Basin,  Hampshire,  362,  365  ;  Isle  of 

Wight,  362,  365  ;   London,  360  ; 

Paris,  369. 

Batrachia,  303. 

i  Batrachius,  306. 

i  Bats,  fossil,  337. 

Beads,  St.  Cuthbert's,  fragments  of 

crinoidea,  so  called,  24. 
Bears,  fossil,  338. 
i  Belemnitidse,  254,  384. 
'  Bellenurus,  260. 
Bergmehl,  used  as  food,  221. 
Bermudas,  limestone  of,  383  ;    the 

group    considered    one    mass   of 

animal  remains,  383. 
Betula,  195. 
Bimana,  341. 
Birds,    general    characters,     307  ; 

divisions,   309  ;    footsteps   of,   in 

the  new  red  sandstone,  309. 
Bivalved  shells,  241. 
Blaculia,  264. 
Blapsida;,  269,  413. 
Blatlina,  268. 
Blood,  fancied  showers  of,  explained, 

22. 

Blowpipe,  use  of  the,  102  ;  illustra- 
tions, 104,  105. 

Boccaccio,  a  geological  observer,  28. 
Bolca,   Monte,   strata    and  organic 

remains  of,  371. 
Bolina,  264. 
Bombur,  264. 
Bones,  measurement  of  the  cells  of, 

271  ;     human,     found     only    in 

recent  deposits,  341. 
Boniface's,  St.,  pennies,  legend  of,  24. 
Bos,  320. 
Bos  scoticus  (figure),  319. 
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Botany,  classification  of  plants,  163; 
vegetable  structure,  164;  technical 
terms  explained, 203;  illustrations, 
1 64—  1 67,  1 80,  1 99,  202—204. 
—  fossil,  Brongniart's  classifi- 
cation, 176;  details,  179 — 204; 
illustrations,  179,  181—189,  191, 
192,  194,  196,  197,  199—201. 

Bovidse,  320. 

Brachiopoda,  230,  231. 

Brachyphyllum,  193. 

Bracklesham  series,  368. 

Breccia,  135  ;  osseous,  containing 
human  remains,  341. 

Brewster,  Sir  David,  optical  dis- 
coveries of,  79,  98. 

Brine  springs,  427. 

Brisa,  264. 

British  Association,  its  assistance  to 
geological  investigations,  41. 
—  Isles,  an  epitome  of  the 
physical  geology  of  the  earth,  121 ; 
erosive  action  of  the  sea  on  the 
coasts  of  the,  345  ;  coal-fields  of 
the,  434  ;  extinct  animals,  327, 
338. 

Brodie,  Rev.  P.  B.,  on  fossil  insects, 
407. 

Brome,  264. 

Brontes,  263. 

Brora,  deposit  of  oolitic  coal  at, 
416. 

Brotes,  453. 

Buckland,  Dr.,  on  the  dependence  of 
national  prosperity  on  the  geolo- 
gical features  of  the  country,  4  ; 
his  Bridgewater  treatise,  69  ;  on 
the  megatherium,  335. 

Bucklandia,  194. 

Buffon  advances  the  study  of  geology, 
35. 

Bumaster,  262. 

Buprestidse,  269,  413. 

Buteo,  309. 

Bylgia,  264. 

C. 

CABINET,  hints  as  to  the  arrange 
ments  of  a,  71. 


Cadcl  i  sworm ,  in  the  lacustrine  tertiary 
strata  in  France,  268. 

Czelodon,  336. 

Calamites,  201. 

Calamites  cannceformis  (figure),  181. 

Calcaire  grossier,  shells  of  foraine- 
nifera  found  in  the,  222. 

Calcareous  rocks,  1 34 

Calymene,  262. 

Calymenidse,  262. 

Cambrian  group,  the,  42,  459. 

Camelidse,  322. 

Camelopardalis,  322. 

Camels,  fossils,  322. 

Cancellaria,  386. 

Cancerida,  265. 

Canis,  338. 

Cannophyllites,  194. 
apitosaurus,  302. 
:apra,  320. 

Caprimulgus,  309. 
•abidffi,  269. 

Uaradoc  sandstone,  458. 
arbo,  313. 

Carboniferous  group,  the,  '434  ; 
British  coal-fields,  434  ;  igneous 
rocks,  436  ;  vegetable  origin  of 
coal,  436  ;  experiments  of  Goppert, 
437  ;  mode  of  deposit,  438  ;  the 
drift  theory,  438  ;  nature  of  the 
vegetation,  443  ;  erect  fossil  trees, 
443. 

Carchanas,  358. 

Cardinia,  419. 

Cardiocarpon,  439. 

Cardium,  399   420. 

Carnivora,  337. 

Carpinus,  195. 

Carpenter,  Dr.,  on  microscopic  struc- 
ture, 72. 

Carpolites,  196. 

Caryophyllia,412. 

Caulinites,  193. 
Caulopteris,  187,  199. 
Caulopteris  Phillipsii  (figure),  199. 
Castanea,  195. 
Catarthes,  309. 

Caverns,  origin  of,  155  ;  extension  of 
the  mountain  limestone,  449  ; 
ossiferous,  337.  338,  371. 
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Celacanthidte,  281. 

Cephalaspidee,  279. 

Cephalaspis,  280. 

Cephalopoda,   230,   248  ;    divisions, 

249  ;  abundant  in  the  lias,  421. 
Cerambycinus,  269. 
Ceratite,  429. 
Cervus,  321. 
Cervus  capreolus  (figure),  320. 

megaceros,  321. 

Cestracion,  276. 

Cestracionidse,  276. 

Cetacea,  316. 

Chseropotamus,  324. 

Chserotherium,  326. 

Chalichomys,  337. 

Chalicotherium,  326. 

Chalk,  its  presumed   animal  origin, 

383  ;  characteristic  fossils,   383  ; 

denudation    of    the,     390.      See 

CRETACEOUS  SYSTEM. 
Change  of  climate  of  the  earth,  59,  61. 
Chara  medicaginula" (figure)  188. 

tuberculata,  188. 

Characese,  188. 

Charge,  seed-vessels  of  (figure),  188. 

Cheiroptera,  337. 

Cheirotherium,  the,  302,  footsteps  of, 

429.    See  LABYRINTHODON. 
Chelodus,  337. 
Chelone,  293. 
Chelonia,  290. 
Chelonians,  306. 
Chelonidee,  292. 
Chelydra,  291. 
Chemical    nomenclature,    principles 

of,  82. 

Chili,  elevation  of  the  coast  of,  1 36, 365. 
Chimsera,  277. 
Chimserida,  277. 

Chincella  lanigera  (illustration),  336 
Chlamydotherium,  334. 
Choanite,  215,  384. 
Chrysomelidse,  269. 
Ciconia,  312. 
Cidaridte,  226. 
Cidaris,  384,  419. 
Cidaris  diadema  (figure),  225. 

magaritifera,  226. 
Cinder-bed  of  Portland,  399. 


Cimoliornis,  313. 

Cirrhopoda,  259. 

Civil  engineering,  geology  applied  to, 
10. 

Cladyodon,  297. 

Classification,  early,  of  natural 
objects,  31  ;  of  minerals,  106. 

Clathraria,  194. 

—        Lyellii  (figure),  194. 

Clathropteris,  186. 

Clemmys,  291. 

Club-mosses  (figure),  199. 

Clyde,  marine  deposits  of  the  valley 
of  the,  356. 

Clymenidse,  250. 

Clypeastroidse,  225. 

Coal,  early  mention  of,  161  ; 
vegetable  origin  of ,  436 ;  arrange- 
ment of  the  plants,  196;  supposed 
nature  of  the  plants,  443;  illustra- 
tion, 172;  Goppert's  experiments, 
437;  mode  of  deposit,  4B8;  objec- 
tions to  the  drift  theory,  438; 
alternation  with  marine  deposits, 
442;  erect  fossil  trees,  443;  search 
for  coal,  8,  151;  coal  of  the  oolite, 
416. 

Coal-fields,  British,  arrangement  of 
the  deposits,  434;  topographical 
distribution,  435;  national  impor- 
tance, 8. 

Coccosteus,  281. 

Coccyzus,310. 

Cocos,  194. 

Coleia,  264,  422. 

Coleoptera,  269,  421. 

Collecting  specimens  and  arrange- 
ment of  a  cabinet,  71 ;  Mr.  Konig's 
instructions,  467. 

Collections  of  natural  bodies  by 
Mercati  and  others,  31. 

Colonna,  Fabio,  his  attempt  at  classi- 
fication of  organic  remains,  31. 

Coluber,  302. 

Columnar  arrangement  of  strata 
(illustrations),  144, — 146. 

Colymbus,  313. 

Common-place  book,  advantage  of 
keeping,  70. 

Comptonia,  195. 
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Conchifera,  230,  233;  divisions,  235. 

Conchiosaurus,  300. 

Conchology,  fossil,  213,  256. 

Conchocephalus,  263. 

Conformable  position,  149. 

Conglomerate,  135,  451. 

Conifers,  193,  201. 

Contorted  strata  (illustration),  141. 

Convallarites,  194. 

Coral  animals,  215;  reefs,  216. 

Coralline  crag,  358. 

Corallium  rubrum  (figure),  215. 

Corbuke,  399,  419. 

Corda,  Professor,  on  the  Lepido- 
storbi,  190. 

Corvus,  309. 

Corydalis,  267. 

Crag,  subdivisions  of  the,  356. 
—  shells  (illustration),  356,  357, 
359. 

Crangon,  264. 

Crassula  tetragona  (figure),  201. 

Crassulaceee,  200. 

Crenatula,  419. 

Cretaceous  group,  the,  379;  sub- 
divisions and  equivalents,  379; 
fossils  very  numerous  and  entirely 
marine,  384;  characteristic  shells 
(illustrations),  384,  385;  fishes, 
386  ;  Mosasaurus,  389  ;  Poly- 
ptychodon,  389. 

Crex,  313. 

Cridites,  268. 

Crinoidffi,  226. 

Crocodiles,  fossil,  295. 

Crocodilidse,  295. 

Crocodilus,  295. 

Crotalus,  302. 

Crows,  fossil,  309. 

Crustacea,  259. 

Cryptogamiee  cellular  and  vascular, 
180. 

Crystallisation,  85  ;  discoveries  of 
Sir  David  Brewster,  98. 

Crystallography,  system  of,  77,  78  ; 
illustrations,  86—98,  109. 

Crystals,  cleavage  of,  101 ;  facesof,  85. 

Ctenoid  fishes,  275,  283  ;  no  extinct 
families,  284. 

Cuculionidee,  269. 


Culmites,  195. 

Cumbrian  group,  the,  42,  460. 

Cupressites,  194. 

Curved  strata  (illustration),  140. 

Cuthbert's  beads,  St.,  legend  of,  24. 

Cuvier  proves  the  pretended  remains 
of  Teutobocchus  to  be  those  of  a 
mastodon,  and  Scheuchzer's  Home 
Diluvii  Testis  to  be  a  gigantic 
salamander,  26  ;  his  classification 
of  fishes  inapplicable  to  the  fossil 
species,  274  ;  his  arrangement  of 
fossil  remains,  370. 

Cycadeee,  191,  397,429. 

Cycadeoidea,  192. 

Cycadites,  191. 

Cycas,  397. 

Cyclades,  399. 

Cyclanthras,  276. 

Cyclas,  399,  402. 

Cyclo-gangliata,  229. 

Cycloid  fishes,  276,  283  ;  no  extinct 
families,  284. 

Cycloneura,  213. 

Cyclophthalmus,  265. 

Cyclopteris  Beanii,  (figure),  183. 

Cyphaspis,  262. 

Cyphoroma,  364. 

Cyprsecassis  rufa  (figure),  244. 

Cyprella,261. 

Cypridella,  261. 

Cypridina,  261. 

Cypris,  399. 

Cyproida,  260,  422. 

Cyrena,  399. 

Cythersea,  368. 

Cytherina,  261. 

D 

DAPEDITJM:,  421. 

Darwin,  Dr.,  his  researches  on  coral 
reefs,  216. 

Dasypidee,  333. 

Dasypus  sexcinctus  (figure),  333. 

Dasyurus,  316. 

Davy,  Sir  Humphrey,  metallic  bases 
of  the  earths  and  alkalies  estab- 
lished by,  80. 

Dax,  tertiary  strata  of,  193. 

Decapoda,  264. 
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De  la  Beche,  Sir  Henry,  procures 
the  formation  of  the  Museum  of 
Economic  Geology,  68;  his  Manual, 
69  ;  his  Geological  Chart,  70. 

Delphinus,  317. 

Deltas,  136,  351. 

Deluge,  the,  fossil  shells  considered 
an  evidence  pf,  by  the  Fathers, 
22. 

Degrading  and  elevating  causes,  136. 

Denudation  of  the  Chalk,  393  ;  the 
Wealden,  407. 

—         valleys  of  (illustration), 
154. 

Deposits,  arrangement  of,  113,  146  ; 
fossiliferous,  1 14 ;  in  Great  Britain, 
1 19, 124  ;  similarity  of  contiguous, 
132  ;  arenaceous  and  argillaceous, 
134. 

Devonian  group,  the,  451  ;  subdi- 
visions, 451  ;  fossil  fishes,  454. 

Diacosaurus,  300. 

Didelphis,  316. 

Didelphous  mammalia,  314,  315. 

Dicotyles,  226. 

Digitigrade  carnivora,  338. 

Diluvial  caves  containing  human 
remains,  341. 

Dinornis,  310. 

Diodon,  279. 

Diodontidae,  279. 

Dinotherium  (illustration),  318. 

Dip  (illustration),  147. 

—     qua-qua-versal,  148. 

Diptera,  266. 

Dipteridse,  282. 

Dipterus,  282. 

Dirt-bed  of  Portland,  forest  of  the, 
397  ;  upper  series,  398  ;  middle 
series,  399  ;  lower  series,  399. 

Disjointed  strata  (illustration),  140. 

Disturbance  of  strata  (illustrations), 
139,  141. 

Dodo,  312. 

Dogs,  fossil,  338. 

Dolphins,  fossil,  317. 

Donati  establishes  the  generic  distri- 
bution of  fossils,  33. 

Dorsetshire,  landslip  in,  347. 

Dremotherium,  32 1 . 


Drift,  how  classified,  133;  groups  in 

England,  134. 
—    theory  of  the  coal  formations, 

438. 

Drobua,  264. 
Dromidse,  265. 
Durocher  on  the  mode  of  transport 

of  erratic  blocks,  43. 
Dusa,  264. 
Dysplanus,  262. 

E. 

EAGLES,  fossil,  309. 

Earth,  various  opinions  on  the  origin 
of  the,  55  ;  internal  heat,  57  ;  the 
Earth's  Crust  (Erdrinde),  58  ; 
order  and  succession  of  rocks,  58  ; 
tropical  climate  of  the  ancient, 
59  ;  its  changes,  60  ;  Arctic  cli- 
mate, 61  ;  extinction  of  various 
genera  of  animals,  62  ;  existing 
causes  of  change,  62. 

Earthquakes,  effect  of,  36,  365. 

Echinida,  225. 

Echinites,  superstitions  regarding, 
in  the  middle  ages,  24. 

Echinodermata,  the  true  type  of  the 
Radiata,  224  ;  abundant  in  the 
chalk,  384. 

Echinostachys,  196. 

Echinus,  384. 

Economic  Geology,  Museum  of,  68. 

Edentata,  332. 

Elasmotherium,  32G. 

Elateridaj,  269. 

Elder,  264. 

Electricity  applied  to  produce  crys- 
tals, 130. 

Elementary  substances,  general 
qualities  of,  80. 

Elevating  causes,  136. 

Elevation,  valleys  of  (illustration), 
154. 

—         of   the    land    in   various 
countries,  proved,  363,  364. 

Elephants,  fossil,  329;  teeth  of  (illus- 
tration), 331. 

Elephas,  329,  331. 

—       africanusj  tooth  of  (figure), 
331. 
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Elephas  Indicus,  330  ;  tooth  of,  331. 
—  primigenius,  33  Ij  tooth  of, 
331. 

Elephasidse,  328. 

Ellipsocephalus,  263. 

Emys,  291,  403. 

Emysidae,  291. 

Encephalous  mollusca,  231. 

Encrinites  moniliformis  (figure), 
227., 

Encroachments  of  the  sea  on  the 
shore,  345 ;  conservative  prin- 
ciples, 350. 

Endogenites,  194. 

England,  range  of  various  systems 
in,  117,  119. 

Eocene  strata,  354,  358. 

Ephemeridse,  268. 

Equisetaceae,  180,  429. 

Equisetum  (figure),  180. 

—  columnare  (figure)  ,181. 
Equivalents  (illustration),  157. 

—  foreign,  of  English  geo- 
logical terms,  353,  379,  392,  409, 
410,  41 7,  426,  434,  446, 450, 455. 

Equus,  324. 

Erdrinde,  or  Crust  of  the  Earth,  58. 

Erect  trees,  discovery  of,  in  the  coal 
formation,  42,  443. 

Erosion  of  river  channels,  376. 

Erratic  blocks,  their  mode  of  trans- 
port, 42. 

Eryma,  264. 

Escarpment  (illustration),  153. 

Euomphalus,  448. 

Euryodon,  334. 

Euryarthra,  276. 

Eurypterus,  263. 

Eurysternum,  291. 

Exercises  on  the  various  topics  of 
the  work,  16, 46, 64, 109, 110, 159, 
205,  378,  391,  407,  416,  425,  433, 
445,  449,  454,  460. 

Experiments,  Gb'ppert's  on  the  origin 
of  coal,  437  ;  Hall's  on  stratifica- 
tion, 111,112;  Lindley's  on  plants, 
174  ;  Watt's  on  the  formation  of 
basalt,  124. 

Explanaria,  412. 

Extinct  and  existing  species,  propor- 


tions of,  in  the  different  beds  of  the 
tertiary  series,  236. 

F. 

FACES  of  a  crystal,  85. 

False  stratification  (illustration),  144. 

Faults  in  strata,  156  ;  (illustration), 

157 ;  deceptive  appearances  of,  156. 
Felis  tigris  (illustration),  337  ;  skull 

of,  338. 
Ferns,  180;  predominate  in  the  coal 

formation,    180 ;    their  vast  size, 

180;  genera,  (illustrated),  181  etseq. 

—  and  sigillarise,  196. 
Finches,  fossil,  309. . 

Fishes,  the  primary  era  the  age  of, 
276  ;  Agassiz'  classification,  275 ; 
placoid,  276  ;  ganoid,  278  ;  cy- 
cloid, 283 ;  ctenoid,  283 ;  resume, 
284. 

—  fossil,  researches  of  Agassiz, 
275. 

FlabeUaria,  193. 

Flint,  presumed  animal  origin  of,  38  3. 

Fluviales,  193. 

Fluviatile  action,  349. 

Footsteps  of  birds,  309 ;  of  tortoises, 
290 ;  of  the  cheirotherium  or 
labyrinthodon,  430. 

Foramenifera,  222;  their  astonishing 
numbers,  222. 

Formations,  extent  of  the  older,  132; 
derived  character  of  the  sedi- 
mentary, 132. 

Fossil  animals,  stratigraphical  distri- 
bution of,  256. 

—  botany,   161  ;  arrangements, 
171 ;    Brongniart's    classification, 
176. 

—  fishes,  273  et  seq. 

—  flora,  161  et  seq. 

—  illustrations,  1 7  9—20 1 . 

—  shells,  early  notice  of,  18,  19, 
22. 

—  trees,  443  ;  illustrations,  396, 
442,  443,  444. 

Fossils,  directions  for  collecting,  467. 

—  characteristic,   129 ;    of  the 
chalk,  383  •  of  the  wealden,  402  ; 
of    the  oolite,  412  ;    of  the  lias, 

K    K 
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419  ;  of  the  trias,  429 ;  of  the  coal, 

196;  Devonian,  452;  Silurian,  458. 
Fossiliferous  deposits,  114. 

—          rocks,  117,119. 
Fox,  fossil,  371. 
Fracastoro,   his    correct    geological 

views,  28. 
France,  the  oolitic   group   in,  409, 

412. 
— •      central,  dormant  volcanoes 

of,  372. 
Freshwater     deposit,   the   wealden, 

392  ;  alternation  of,  with  marine, 

on  the  south-east  coast  of  England, 

400. 

Fringilla,  309. 
Frogs,  fossil,  304. 
Fucoides  targionii  (figure),  179. 
Fulua,  312. 
Fusus,  368. 

G. 

GALLUS,  310. 

Ganoid  fishes,  275,  278. 

Gases,  the,  proportion  of,  131. 

Gasteropoda,  230,  237;  detailed 
description  of,  with  illustrations, 
238  ;  divisions,  245  ;  proportions 
in  different  formations,  247. 

Gault,  379. 

Genera,  extinct.  See  PALEONTOLOGY. 

General  composition  of  the  mass  of 
rocks,  131. 

Geodes,  158. 

Geographical  distribution  of  the  ter- 
tiary series,  355  ;  the  wealden 
group,  395  ;  the  oolitic  group, 
410  ;  the  lias,  418  ;  the  trias, 
427  j  the  mountain  limestone, 
447.  _ 

Geological  formation,  idea  of  a  (illus- 
trations), 137  et  seq. 

—  Maps,  Smith's  and  other, 
40,  70. 

—  sections,  348,    367,    381, 
395—398,  401. 

—  Society,  foundation  of  the, 
40. 

—  time,  attempt  to  estimate 


from  the  retreat  of  the  falls  of 
Niagara,  51. 

Geologist,  qualifications  of  the,  66  ; 
advantages  afforded  to,  by  the 
scientific  societies  of  the  metro- 
polis, 68. 

Geology,  definition  of,  2 ;  dependence 
of  national  prosperity  on  geological 
position,  3  ;  in  relation  to  mining, 
5;  agriculture,  10;  the  fine  arts, 
12  ;  health,  13  ;  mental  discipline, 
15  ;  history  of,  as  a  science,  18  ; 
views  of  the  Greeks  and  Romans, 
19,  23;  lost  sight  of,  in  the  middle 
ages,  23;  legends  and  superstitions, 
23,  25  ;  pretended  remains  of 
Teutobochus,  26  ;  Homo  Diluvii 
Testis,  26  ;  revival  of  geology,  26  ; 
controversies  of  the  sixteenth  and 
seventeenth  centuries,  34  ;  Wer- 
ner's system,  36  ;  progress  of 
opinion,  37  ;  Dr.  Hutton  and  the 
Plutonian  theory,  38  ;  labours  of 
William  Smith,  39 ;  the  Geological 
Society,  40 ;  the  British  Associa- 
tion, 41  ;  the  Museum  of  Economic 
Geology,  68 ;  in  harmony  with 
Revelation,  48,  342  ;  antiquity  of 
the  earth,  49  ;  the  earth  little 
changed  during  the  historic  period, 
52;  recent  creation  of  man,  53  ; 
various  opinions  on  the  origin  of 
the  earth,  55  ;  changes  at  present 
in  operation,  62  ;  writers  on,  69. 

—  physical,  112;  classification 
and  arrangement  of  deposits  and 
strata,   113  ;    fossiliferous    rocks, 
129  ;    stratification,    138  ;    order 
and    succession    of    rocks,    1 50 ; 
writers  on,  159. 

—  special,  344  ;  modern  geo- 
logical changes,   344  ;    encroach- 
ments of  the  sea,  344  ;  landslips, 
348;  fluviatile  action,  349;  atmos- 
pheric agency,  349  ;  conservative 
principles,  350. 

Geosaurus,  297. 

Gessner,  Conrad,  biography  of,  28  j 

publishes  representations  of  fossils, 

28. 
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Glacial  furrows,  43. 

Glacial  theory  of  M.  Agassiz,  43. 

Glossary  of  scientific  terms,  477. 

Glossotherium,  333. 

Glossopteris  Phillipsii,  183. 

Glyphaea,  264. 

Glyptodon,  334. 

Gnathosaurus,  295. 

Gneiss,  127  ;  localities,  128. 
—     system,  the,  461. 

Goatsucker,  fossil,  309. 

Gods  and  giants,  fables  of  the 
contests  of  the,  founded  on  the 
occurrence  of  fossil  remains  of 
the  elephant,  &c.,  in  superficial 
deposits,  25. 

Gb'ppert,  Professor,  experiments  by, 
on  the  vegetable  origin  of  coal, 
437. 

Gompholis,  295,  40  3. 

Goniatites,  448. 

Granite,  121;  its  varieties,  121,  464; 
localities,  122  ;  theory  of  its 
formation,  465. 

Grant,  Professor,  -on  the  Gastero- 
poda, 246  ;  on  the  Conchifera,236. 

Grapsidte,  265. 

Great  Britain,  geological  deposits  in, 
an  epitome  of  those  of  the  whole 
world,  119,  124  ;  coal-fields  of, 
434  ;  position  of  many  of  the 
principal  cities,  5  ;  extinct  animals 
of,  327,  328  ;  geological  section, 
348,  367,  381,  395—398,  401. 

Greensand,  lower,  379. 

—  upper,  380. 

—  strata  of  Atherfield,  385 ; 
fossils  from   (figures),  385,   387, 
388. 

Greenstone,  122  ;  head  of  Rameses, 
in  the  British  Museum,  123. 

Groups  and  periods,  135. 

Gryllotalpa,  269. 

Gryllus,  269. 

Gryphsea,  419. 

Gryphsea  virgula,  413. 

Guadeloupe,  human  skeletons  im- 
bedded in  the  limestone  of,  351. 

Guettard,  on  the  dormant  volcanoes 
of  central  France,  372. 


Guinea-fowls,  fossil,  31 0. 
Gymnosperms,  phanerogamic,  191. 
Gypsum    quarries  of    Montmartre, 
fossils  procured  from,  372. 


H. 

HALI^TUS,  309. 

Haley ornis,  310. 

Halicora,  317. 

Hall,   Sir    James,  experiments  by, 

regarding    stratification   (illustra- 
tions), 111,  112. 
Halmaturus,  316. 
Halycina,  260. 
Hammers,  geological,  473. 
Hampshire  basin,  362. 
Harbour  and  river  beds  choked  up 

with  infusoria,  222. 
Harmony  of  science  with  revelation, 

48. 

Harpalidee,  269. 
Harpes,  263. 
Harpesidse,  262. 

Haiiy's  system  of  crystallisation,  77. 
Hawkshaw,  discovery  of  erect  trees 

in  the  coal  formation,  by.  42,  440, 

443. 

Health,  geology  in  relation  to,  13. 
Heat,  internal,  of  the  globe,  57. 
Hefriga,  264. 
Hem'eroboides,  268. 
Hemicidaris,  399. 
Hemiptera,  267. 

Herodotus,  geological  views  of,  18. 
Herschel,    Sir    John,  the    nebular 

theory  of,  55. 
Heterocercal  tail  (illustration),  286, 

432. 

Heterophlebia,  268. 
Hilda,   St.,  legend  of,  23;  modern 

imposture  in  connection  with,  23. 
Hippopotamus,  fossil,  327;  teeth  of 

(illustration),  327. 
Hippotherium,  324. 
Hirundo,  309. 
Homalonotus,  262. 
Homalonotus     delphinocephalus 

(figure),  262. 
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Homocercal  tail  (illustration),  286, 

432. 
Homo  Diluvii  Testis  of  Scheuchzer 

(illustration),  26,  27;  proved  to  be 

a  salamander,  26,  304. 
Hooke,  Dr.,  his  geological  views,  34. 
Hoplophorus,  334. 

Horizontal  strata  (illustration),  139. 
Horse,   skull    of    the   (illustration), 

323;   tooth  of  the   (illustration), 

327. 
Human  bones,  in  osseous  breccias, 

341. 
—      skeletons  in  the  limestone 

of  Guadeloupe,  351. 
Huttonian,  or  Plutonian  theory,  the, 

32,   38;    its  leading   propositions 

confirmed  by  recent  investigation, 

38. 

Hytenodon,  338. 
Hybodidae,  277. 
Hybodus,  277. 
Hydrophilidse,  269. 
Hylseosaurus,  the,  296,  406. 
Hymenoptera,  267. 
Hyotherium,  326. 
Hypsiprinnus,  316. 
Hyracotherium,  324. 
Hyrax,  324. 

I. 

ICHTHYODORULITES,  278. 

Ichthyosauridee,  298,  306. 

Ichthyosaurus,  the,  298,  422. 

Idea  of  a  geological  formation  (illus- 
trations), 138  etseq. 

Idiochelys,  291. 

Igneous  rocks,  similarity  of  the 
ancient  and  modern,  126;  general 
character,  127;  in  the  car- 
boniferous series,  436. 

Igneous  and  aqueous  theories,  36,  38. 

Iguana  cornuta  (illustration),  403. 

Iguanodon,  296,  402,404;  Professor 
Owen  on  the  size  of  the,  406. 

Illsenus,  262. 

Incessores,  309. 

Incrustations  distinguished  from 
petrifactions,  158. 

Indusial  limestones  of  Auvergne,375. 


Infusoria,  fossil,  Ehrenberg's  re- 
searches on,  219,  376. 

Inoceramus,  384. 

Insecta,  266;  divisions,  266. 

Internal  heat  of  the  globe,  57. 

Inverted  strata  (illustration),  62. 

Ireland,  fossil  elk  of,  (figure),  321. 

Island,  appearance  of  a  new,  a  fear- 
ful prodigy  to  the  Romans,  22. 

Isle  of  Sheppey,  an  outlier  of  the  Lon- 
don clay,  361;  rich  in  fossils,  361. 
—  of  Wight,  formations,  362,  365; 
geological  sections  (illustration), 
348,  367,  381,  395,  401. 

Isomerism,  78. 

Isomorphism,  78. 

Isopoda,  263. 

Italy,  fossil  remains  of  elephants  in, 
Targioni  on,  33 ;  rise  of  the  west 
coast  of,  365. 

lulidee,  266. 

J. 

JUGLANDEJE,  195. 

Juniperites,  123. 
Jurassic  limestone,  409. 
Justin  alludes  to  the  igneous  origin 
of  our  planet,  22. 

K. 

KJELGA,  264. 

Katakekaumene,  or  burnt-up  region 
of  Asia  Minor,  376. 

Killas,  a  kind  of  gneiss,  7. 

Kimmeridge  clay,  396. 

Klytea,  264. 

Konig,  C.,  Esq.,  directions  for  col- 
lecting specimens  of  geology  and 
mineralogy,  by,  467. 

L. 

LABYRINTHID,£,  304. 
Labyrinthodon,  footsteps  of  the,  430. 
Labyrinthodontidse,  SOI. 
Lacertinidse,  297. 

Lamna,  277;  teeth  of  (figure),  278. 
Landslip  in  Dorsetshire,  347. 
Land  tortoise,  fossil,  290. 
Larus,  313. 
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Leaves,  parts  of  (illustrations),  202 
—204. 

Legends  respecting  geological  pheno- 
mena, 23,  25. 

Lehman  classifies  rocks,  35. 

Leibnitz,  on  the  incandescence  of 
the  earth,  34. 

Leiodon,  297. 

Lepidodendron,  188, 199. 

Sternbergii  (figure), 
200. 

Lepidophyllum,  189. 

Lepidoptera,  267. 

Lepidosteus,  282,  402. 

Lepidostrobus,  439. 

ornatus  (figure),  189. 

Lepidotidae,  282. 

Lepidotus,  282,  399,  422. 

Leptotherium,  320. 

Leptsena,  420. 

Leucosidae,  265. 

Lias,  peculiar  aspect  and  geogra- 
phical distribution,  417;  divisions, 
418;  fauna,  419;  reptiles,  422; 
origin,  423. 

Lima,  384,  419. 

Limestone,  Bermuda,  383;  of  Gua- 
deloupe, human  skeletons  in,  351. 

—  ,  magnesian,  431. 

—  ,  mountain,  446. 
Limulus,  260. 

Lindley,  Dr.,  his  experiments  on 
plants,  174. 

Lines,  anticlinal  and  synclinal  (illus- 
trations), 148. 

Linnaeus,  as  a  geologist,  35;  as  a 
mineralogist,  76. 

Literature,  high  rank  in,  of  geological 
writers,  13. 

Litharcea  Websterii  (figure),  218. 

Lithodomi,  363, 

Lithornis,  309. 

Livy,  notices  of  natural  phenomena, 
by,  22. 

Llandeilo  flags,  457. 

Locusta,  269. 

Locustidse,  279. 

Loligidse,  254. 

Lonchophorus,  337. 

Lonchopteris  Mantelli  (figure),  1 86. 


London  basin,  360;   marine  origin 

of  the  deposits,  361. 
London    clay,    360;    characteristic 

shells  (figure),  362. 
Lophiodon,  324. 
Lower  greensand,  380. 

—  Ludlow  shale,  457. 

—  Silurian  rocks,  458. 
Lucretius,  his  acquaintance  with  geo- 
logical facts,  29. 

Ludlow  rocks,  457. ' 

Lycopodiacese,  188. 

Lycopodites,  188. 

—    Williamsonis  (figure),  189. 

Lyell,  Sir  Charles,  on  glacial  furrows, 
43;  on  geological  time,  51;  on 
change  of  climate,  60;  on  the 
limestone  of  the  Devonian  group 
in  Kentucky,  453. 

Lymnfea,  399. 

M. 

MACACUS,  jaw  and  tooth  (illustra- 
tion), 339. 

Machairodus,  "38. 

Macrauchenia,  326. 

Macrorhyncus,  399. 

Macrospondylus,  295. 

Macro therium,  333. 

Mactra,  368. 

M'Culloch,  Dr.,  geological  hammers 
recommended  by,  473;  his  Classifi- 
cation of  Rocks,  128. 

Magila,  264. 

Magnesian  limestone,  431. 

Mammalia,  313  ;  general  characters, 
313. 

Mammaliferous  crag,  fossils  of  the, 
356. 

Mammoth,  description  of  the,  332  ; 
(figure),  331  ;  teeth  of  (illustra- 
tion), 329,  331. 

Man,  recent  creation  of,  proved  alike 
by  scripture  and  science,  53. 

Manatus,  317. 

Mantell,  Dr.,  his  Fossils  of  Tilgate 
Forest,  69.  See  WEALDEN. 

Marine  deposits  alternate  with  fresh- 
water ones,  400  ;  with  coal,  442. 
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Marl,  452. 

Marls  and  sandstones,  new  and  old 
red,  426. 

Marsiliacese,  187. 

Marsilli  aware  of  the  generic  distri- 
bution of  fossils,  33. 

Marsupialia,  429. 

Marsupites,  384. 

—         ornatus  (figure),  228. 

Mastodon,  329;  teeth  of  (figure), 
329,  331. 

Mastodon  saurus,  302. 

Megachirus,  264. 

Megalichthys,  282. 

Megalochelys,  291. 

Megalosauridee,  306. 

Megalosaurinidse,  296. 

Megalosaurus,  the,  296,  415. 

Megasiphonia  zic-zac  (figure),  251. 

Megatheridse,  334. 

Megatherium,  the,  334 ;  (figure),  272. 

Melania,  368,  399. 

Melanopsis,  368. 

Meles  antediluvianus,  338. 

Mergus,  313. 

Mericotherium,  322. 

Metallic  veins,  where  they  most 
frequently  occur,  7. 

Metals,  list  of,  81. 

Metamorphic  rocks,  Sir  John  Hall's 
experiment  respecting,  39  ;  depo- 
sits so  named,  127,  463. 

Metaxytherium,  317. 

Metopias,  302. 

Meuse,  lizard  of  the,  or  Mosasaurus, 
389. 

Mica-schist,  128,  463  ;  other  schists, 
128,  129. 

Micraster,  384. 

Micraster  cor-anguinum(figure),  225. 

Microdon,  399. 

Microscope,  its  importance  in  geo- 
logical investigations,'72. 

Microscopic  shells,  vast  beds  of,  376. 

Mineralogy,  history  of,  74  ;  dis- 
semination of  minerals,  84  ;  ex- 
ternal characters,  100  ;  cleavage, 
101  ;  classification,  106. 

Mining,  application  of  geology  to,  5. 

Miocene  strata,  354,  356. 


Modiola,  399. 

Moh's  system  of  crystallography, 
78  ;  classification  of  (illustrated), 
97. 

Mollusca,  general  characters,  229  ; 
divisions,  230. 

Monadelphous  mammalia,  314,  316. 

Monocotyledonous  phanerogamia, 
195. 

Monodon,  317. 

Moro  furnishes  hints  for  the  Hut- 
tonian  theory,  32  ;  his  commenta- 
tion generally,  33. 

Monkeys,  339. 

Moschus,  322. 

Mosasaurus,  the,  297,  389. 

Motacilla,  309. 

Mountain  chains,  age  of,  151. 

Mountain  limestone,  the  name  in- 
appropriate, 446  ;  geographical 
distribution,  446  ;  mineral  pro- 
ductions, 446  ;  organic  remains, 
447 ;  caverns,  448. 

Murchison,  Sir  R.  I.,  his  discovery 
of  fish  and  shells  in  the  same 
deposit,  41,  453  ;  his  Silurian 
System,  69  ;  his  subdivision  of 
the  Devonian  group,  450. 

Museum  of  Economic  Geology,  68. 

Musocarpum,  195. 

Myl.odon,  334. 

Myriapoda,  266. 

Myrmecophaga  jubata  (figure),  333. 

Myrmecophagse,  333. 

Mystriosaurus,  295. 


N. 

NARANDA,  264. 

Natica,  368. 

Natural  bridge,  how  formed  (illus- 
tration), 155,  156. 

Naturforscher,  or  German  scientific 
meetings,  4 1 . 

Nautilidse,  250,  421,  435,  448. 

Nautilus  elegans  (figure),  251. 

Nebalia,  263. 

Nebular  theory,  the,  55  ;  rendered 
doubtful  by  Lord  Rosse's  dis- 
coveries, 56. 
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Nelson  on  the  calcareous  rocks  of 
Bermuda,  383. 

Neocomian  strata,  380. 

Neuroptera,  267,  422. 

Neuropteris  Loshii  (figure),  184. 

New  red  sandstone,  or  trias,  posi- 
tion and  distribution,  427  ;  or- 
ganic remains,  429  ;  footmarks, 
429  ;  magnesian  limestone,  431  ; 
Permian  group,  431,  432. 

Niagara,  falls  of,  retreat  of  the,  51. 

Nillsonia,  191.    - 

Nodules,  158. 

Noeggerathia,  193. 

Nomenclature,  chemical,  82. 

Non-  fossiliferous  rocks,  116. 

Norna,  264. 

North  of  England  coal-field,  435  ; 
Staffordshire  coal-field,  436  ; 
Wales  coal-field,  436. 

Norwich  crag,  fossils  of  the,  356. 

Nothosaurus,  300. 

Nucleolites  (figure),  225. 

Nucula,  419. 

Numenius,  312. 

Numida,  310. 

Nummulite,  popular  names  in  Ger- 
many, 25. 

Nympheea,  195. 

Nympheacese,  195. 


O. 

ODONTOPLEURA,  263. 

Odontopteris  minor  (figure),  184. 

(Eger,  264. 

Ogygidse,  263. 

Old    red   sandstone,  427  ;    identity 

of,  in  Hereford  and  Devon,  452. 
Olenidze,  263. 
Olenus,  263. 
Olis,  313. 
Oniscidse,  263. 
Oniscus,  263. 
Oolite,  origin  of  the,  423. 
Oolitic  group,  vegetation  of  the,  173  ; 

geographical    distribution,    409  ; 

stages,   character,   and   localities, 

410  ;    fossils,    412  ;    coal,    416  ; 

origin  of  the  oolite  and  lias,  423. 


Ophidia,  302. 

Ophidians,  306, 

Ophis,  302. 

Ophiura,  419. 

Order  and  succession  of  rocks,  150  ; 

never  inverted,  59. 
Organic  remains,  Pictorial  Atlas  of, 

182  ;    uses  of  their  study,   207  ; 

their  state  of  preservation,  208  ; 

Cuvier's  arrangement  of,  and  con- 
sequent restoration  of  the  forms  of 

extinct  animals,  370. 
Orphnea,  264. 
Orthoceras,  448. 
Orthoptera,  268,  421. 
Orycteropus,  333. 
Osseous  breccias,  containing  human 

remains,  341. 
Ossiferous    caverns,    their    various 

contents,  37,  337,  338. 
Osteolepis,  282. 
Ostracion,  279. 
Ostrea,  368,  399,  413. 
Otodus,  277. 

Otopteris  acuminata  (figure),  187. 
Outliers,  152  ;  the  Isle  of  Sheppey 

an  outlier  of  the  London  clay,  361. 
Ovid,    remarkable     passage     from, 

proving  his  acquaintance  with  the 

great  leading  principles  of  modern 

geology,  20. 
Oxen,  fossil,  320. 
Oxford  clay,  413. 
Owen,  Professor,  on  the  microscope, 

72  ;  on  the  macacus,  339,  on  the 

iguanodon,  406. 

P. 

PACHYDERMATA,  323. 

Pachypteris  lanceolata  (figure),  182. 

Pachytherium,  334. 

Pacific,  coral  formations  of  the,  216. 

Paguridse,  265. 

Painter,    a    knowledge    of    geology 

useful  to  the,  13. 
Palseomys,  337. 
Palaebatrachus,  304. 
Palseoniscidse,  282. 
Palsemonidse,  264. 
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Palaeoniscus,  264,  448. 

Palaeontology,  definitions,  208  ;  its 
laws,  209  ;  great  divisions  of  the 
animal  kingdom,  212  ;  radiata, 
213;  mollusca,  229;  articulata, 
257  ;  vertebrata,  270  ;  retrospect, 
342. 

Palseophilus,  304. 

Palseophis,  303. 

Palaeophrynos,  304. 

Palseornis,  312. 

Palaeosaurus,  the,  297. 

Palseoxyris,  196. 

Palseotherium,  the,  325. 

magnum  (figure),  324. 

minimu 

Palaeozoic  rocks,  450. 
Paleades,  261. 

Palissy,  Bernard,  one  of  the  earliest 
maintainers  of  correct  views  on 
fossils,  30. 

Pallas,  geological  researches  of,  37. 

Palmacites,  193. 

Palms,  fossil,  193. 

Paludina,  368,  375,  399,  402. 

Pamphractus,  281. 

Pandanocarpum,  195. 

Paradoxides,  263. 

Paris  basin,  the,  369  ;  classification 
and  organic  remains,  370. 

Parrots,  fossil,  310. 

Partridges,  fossil,  310. 

Pebbles,  rolled,  158. 

Pecopteris  adiantoides  (figure),  185. 

Pecten,  420. 

Pelagosaurus,  295. 

Pentacrinus,  419. 

Perdix,  310. 

Peridinidse,  220. 

Permian  group,  431  ;  organic  re- 
mains, 432. 

Perna,  399. 

Petrifactions  and  incrustations,  1 58. 

Peuce,  193. 

Phacops,  262. 

Phasianus,  310. 

Pheasants,  fossil,  310. 

Phillips,  Professor,  his  Treatises  on 

Geology,  70. 
Pholadomya,  419. 


Phoenicites,  193. 

Phryganidze,  268. 

Phyllopoda,  263. 

Physa,  399. 

Physeter,  317. 

Phythites,  195. 

Phytocorallina,  218. 

Phytosaurus,  295. 

Pictorial  Atlas  of  Organic  Remains, 

186. 

Picus,  310. 
Pinna,  419. 
Pinus,  193. 
Pisolite,  157. 
Pistosaurus,  300. 
Pith  ecus  antiquus,  341. 
Placoid  fishes,  275. 
Planorbis,  399. 
Plantigrade  carnivora,  338. 
Plants,  fossil,  161  et  seq. 
Platemys,  291. 
Platyonyx,  336. 
Plesiosaurus,  the,  298,  423. 
Plesiosaurus  rugosus  (figure),  424. 
Pleuracanthus,  276. 
Pleurosaurus,  295. 
Pleurotomaria,  421. 
Pliny  indebted  to  Theophrastus  for 

his  views  on  fossils,  18. 
Pliocene  strata,  355,  358. 
Pliosaurus,  300. 
Plutonic,  or  Huttonian  theory,  the, 

38. 

—  rocks,  121. 
Poacites,  195. 
Podocarpus,  193. 
Poecilosaurus,  295. 
Polyphractus,  281. 

Polypifera,  215  ;  their  vital  opera- 
tions, 216. 
Polypteridse,  282. 
Polypterus,  282. 
Polyptychodon,  389. 
Populus,  195. 
Portland,  Isle  of,  formation  of,  396. 

—  dirt-bed,  section  of,  396  ; 
forest  of  the,  397. 

Posidonia,  429. 

Potamohippus,  326. 

Primary  epoch,  the  age  of  fishes,  276. 
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Primary  rocks,  1 1 7. 
—       strata,  116. 
PrionidEe,  269. 
PrioniicUe,  413. 
Pristidte,  276. 
Pristis,  276. 
Protopithecus,  341. 
Protornis,  309. 
Protosaurus,  297,  304. 
Psammobia,  368. 
Psittacus,  310. 
Pterichthys,  281. 
Pterochirus,  264. 
Pterodactylidse,  300,  306. 
Pterodactylus,  301. 
Pterophyllum,  191. 

comptum        (figure), 

192. 

Ptychacanthus,  276. 
Purbeck,   Isle   of,    stratification   of 

(illustration),  396. 
Pycnodontidee,  281. 
Pye  Smith,  Dr.,  his  writings  on 

geology,  70. 


Q. 

QUADRUMANA,  339. 

QM-qua-versal  dip,  148. 

Quartzose  conglomerate  and  sand- 
stone, 450. 

Quirini  holds  many  of  the  opinions 
of  more  modern  geologists,  32. 


R. 

RACHjEOSAURUS,  295. 

Radiata,  213. 

Raised    beaches,   question   of,   44  ; 

probably  glacial  furrows,  44. 
Rajacidse,  276. 
Rallus,  313. 
Rana,  304. 
Ranidse,  304. 
Raphiosaurus,  297. 
Rauna,  264. 

Ray,  a  geological  observer,  35. 
Reckur,  264. 
Reefs,  coral,  Dr.  Darwin  on,  216. 


Reindeer,  fossil  skull  of  (figure*),  322. 

Reptiles,  the  secondary  era,  the  age 
of,  276  ;  general  character,  327  ; 
abundance  of  their  remains,  289  ; 
divisions,  290  ;  chelonia,  290. 

Rhea,  316. 

Rhinoceros,  327 ;  (illustration),  328. 

Rhynchosaurus,  298. 

Rise  of  the  land  in  various  countries, 
137,  364,  365. 

Rissoa,  399. 

Rock-salt  and  brine  springs,  427. 

Rocks, order  of,  59, 150;  fossiliferous, 
117,  129  ;  igneous,  126;  meta- 
morphic,  127  ;  palaeozoic,  450  ; 
protozoic,  42  ;  primary,  117  ; 
slates,  stratified,  135,  138  ;  vol- 
canic, 124;  unstratified,  142. 

Rodentia,  336. 

Rolled  pebbles,  158. 

Rome  de  1'Isle,  on  crystalline  forms, 
76. 

Rotalia  (figure),  223. 

Rothtodt-liegende,  meaning  of  the 
term,  426. 

Ruminantia,  319. 

Russia,  discovery  of  fish  and  shells 
in  the  same  deposit,  in,  41,  452. 


S. 

S^LIDOTHERIUM,  336. 

Saga;  264. 

Salamandra,  304. 

Salamandridse,  304 

Salenia,  384. 

Salix,  195. 

Sand,  towns  buried  by,  137. 

Sandstone,  450. 

—  new    red,     429  ;    fossil 
footmarks  in,  430. 

—  old  red,  427,  452. 
Sauria,  294  ;  divisions  of,  295. 
Saurians,    extinct,   306  ;     existing, 

295,  306  ;  fossil,  296. 
Saurichthys,  282. 
Saussure,  De,  geological  researches 

of,  37. 
Scales  of  fossil  fishes  (illustrations), 

L  L 
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Scaratfreides,  269. 

Scheuchzer's   Homo  D'duvii   Testis 

proved  to  be  a  salamander,  26. 
Schizopteris,  187. 
Scilla  ascribes  fossils  to  the  agency 

of  the  deluge,  32. 
Scolopax,  312. 
Scolopendridse,  266. 
Scorpion,  fossil,  265. 
Scorpionidse,  265. 
Scotland,    footsteps     of      tortoises 

traced  in,  290. 
Sculda,  264. 

Sculpture,  geology  applied  to,  12. 
Sea,  erosive  action  of  the,  on  the 

coasts    of    Great    Britain,    345 ; 

conservative  principles  in  action, 

350. 

Seals,  fossils,  337. 
Secondary  epoch,  the  age  of  reptiles, 

276. 

—        forms  of  crystals,  90. 
Sedgwick,  Professor,  division  of  the 

Cambrian  group,  by,  458. 
Selaginites,  188. 
Semionotus,  421. 
Septaria,    from    the    London    clay 

(illustration),  360. 
Serapis,  temple  of,  (so-called)  eleva- 
tion of  the  land  proved  from  the 

state  of  its  remains,  363. 
Serpents,  fossil,  302. 
Serpulse,  399. 
Shells,  characteristic  of  the  tertiary 

period,  384  ;    of    the     cetaceous 

system,  384,  385  ;  separate  parts 

of  (illustration),  239. 
Sigillaria  organum  (figure),  196. 
Sigillarise,  196,  198,  439,440. 
Simosaurus,  300. 
Siphonia,  215. 
Silurian  group,  the,  42  ;  geographical 

distribution,  455  ;  upper  Silurian 

rocks,  456  ;  lower  Silurian  rocks, 

457  ;     Cambrian      group,      458 ; 

Cumbrian  group,  459  ;  fossils,  459. 
Sivatherium,  the,  320. 
Smith,   William,   his    labours,    39  ; 

his  tabular  view  of  the  strata,  40  ; 

his  geological  map  of  England,  40. 


Soldani,  his  views  in  advance  of  his 
age,  33.  ' 

Solipedse,  323. 

South  America,  elevation  of  parts  of, 
by  earthquakes,  365  ;  extinct 
mammalia  of,  334  ;  fossil  remains 
of  the  horse  found  there,  324. 

Spatangoidse,  226. 

Spatangus,  384. 

Sphsenodon,  336. 

Sphseronidse,  264. 

Sphenophyllum,  187. 

Sphenopteris  crenata  (figure),  182. 

Spirifera,  420,  435,  447. 

Spirulidae,  254. 

Spondylosaurus,  300. 

Spongiaria,  213. 

—        silicified  (figure),  214. 

Squalidse,  277. 

Squaloraya,  276. 

Squalus,  277. 

Squilla,  264. 

Squillidaj,  264. 

Squirrel,  skull  of  the  (illustration), 
336. 

Staffordshire  coal-fields,  436. 

Stags,  fossil,  320. 

Stalagmites  and  stalactites,  449. 

Staphylinidse,  269. 

Steneofiber,  337. 

Steneosaurus,  295. 

Sternberg,  Count,  on  fossil  plants,  1 75. 

Sternbergia,  195. 

Stigmaria,  190,  201,  440. 

Stomapoda,  264. 

Strabo,  correct  geological  views  of,  1 9. 

Strata,  primary,  116  ;  secondary, 
115  ;  tertiary,  115. 

Stratification  (illustrations),  138 
—  141,  147,  149  ;  deceptive  ap- 
pearance of,  149,  150. 

Stratified  fossiliferous  rocks  in  Eng- 
land, 117,  119. 

Streptospondylus,  295. 

Submerged  forests,  397. 

Succession  of  organic  forms,  58  ;  of 
strata,  never  inverted,  59. 

Succhosaurus,  295. 

Sus,  326. 

Sussexmarble,402;(illustration),403. 
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Swallows,  fossil,  309. 
Sweden,  rise  of,  proved,  364. 
Swedenborg,  sound  geological  views 
-  of,  35. 
Syenite,  122. 
Syngnathidse,  279. 
SyngnathuB,  279. 

Synclinal  and  anticlinal  lines  (illus- 
tration), 148. 


T. 

TAILS  of  fishes,  heterocercal  and 
homocercal  (illustrations),  286. 

Tantalus,  312. 

Tapirus,  326. 

Targioni  on  fossil  remains  of  ele- 
phants in  Italy,  33. 

Taxites,  193. 

Teeniopteris  vittata  (figure),  185. 

Taeniotherium,  338. 

Teeth  of  fossil  shark  (figure),  277  ; 
of  elephant,  331  ;  of  horse,  327  ; 
of  iguanodon  and  iguana,  404  :  of 
megalosaurus,  296  ;  of  shells,  243. 

Teleosaurus,  295. 

Telephoridaj,  269. 

Temperature,  high,  of  the  interior  of 
earth,  57. 

Tennant's  British  Fossils,  119. 

Tenebrionidse,  262. 

Tentaculifera,  249. 

Terebratula,  384, 420  ;  (figure),  233. 

Teredinse,  361  ;  wood  pierced  by  (il- 
lustration), 362. 

Terms,  glossary  of  scientific,  477. 

Tertiary  Period,  Arctic  climate  of  a 
part  of  the,  61  ;  general  features 
of  its  various  deposits,  353  ;  per- 
centage of  recent  shells,  354  ; 
special  fauna,355;  geographical  dis- 
tribution, 355 ;  fossil  infusoria,  376. 

Tertullian,  notice  of  fossil  shells  by,  22. 
Testudina;,  290. 
Tetracaulodon,  330. 
Tetragonolepsis,  421. 

Teuthidse,  254. 

Teutobochus,  pretended  remains  of, 
26  ;  proved  to  be  those  of  a 
mastodon,  26. 


Thecodontosaurus,  297. 

Thelephoridse,  269. 

Theophrastus.  lost  work  of,  1 8. 

Theridomys,  337. 

Thinning  out  of  a  stratum  (illustra- 
tion), 150. 

Thracia,  390. 

Thrush,  fossil,  309. 

Thuia,  193. 

Thuytes,  193. 

Thylacinus,  316. 

Thylacotherium,  315,  415. 

Tilestone,  452. 

Tortoises,  footsteps    of,    traced    in 
Scotland,  290. 

—       land,  marsh,  fluviatile,  and 
marine,  fossil,  290,  292. 

Toulmin,    Dr.,  his  Essay     on     the 
Antiquity  of  the  World,  37. 

Toxodon,  326. 

Trap  rocks,    123  ;  meaning  of  the 
name,  123. 

Tree  fern,  stem  of  a  recent  (illustra- 
tion), 199. 

Trees,  erect,  of  the  coal  formation, 
42,  442,  444. 

Tretosternon,  291. 

Trias,  or  new  red  sand-stone,  426. 

Trichenis,  337. 

Trigonocarpum,  195. 

Trilobites,  261  ;  divisions,  262. 

Trinucleus,  263. 

Trionyces,  292. 

Trionyxidse,  291. 

Trogontherium,  337. 

Tropical  climate  of  the  ancient  earth, 
59. 

Tunicata,  230,  231. 

Turdus,  309. 

Typhis,  264. 

U. 

ULMUS,  195. 

Ulodendron,  184. 

Unconformable  position  (illustration), 

Undulation,  valley  of  (illustration), 

XcHK 

Unio,  402,  435. 
Unstratified  rocks  (illustration),  142. 
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Upper  freshwater  series  of  the  Isle 
of  Wight,  368  ;  marine  series,  368. 
Upper  Silurian  rocks,  457. 
Urda,  264. 
Ursus,  338. 

V. 

VALLEYS,  formation  of  (illustration), 
154,  155;  of  foundation,  154;  of 
dislocation,  153;  of  elevation,  154; 
of  undulation,  154. 

Vallisneri  disputes  the  universality 
of  the  deluge,  32. 

Valvata,  399. 

Vanessa,  the  insect,  gives  rise  to 
the  fancy  of  showers  of  blood,  52. 

Varieties  of  texture  of  rocks,  157. 

Vegetation  of  the  coal  period  (illus- 
trations), 172;  of  the  oolitic 
period,  173,  441. 

Veins  of  granite  and  other  igneous 
rocks  (illustrations),  143,462,464; 
mineral,  129. 

Ventriculite,  silicified  (figure),  214. 

Ventriculites,  215. 

Vertebrata,  270;  divisions,  272. 

Vertical  columns  (illustrations),  145. 

Vertical  strata  (illustrations),  139. 

Vinci,  Leonardo  da,  on  fossils,  28. 

Virgin  forest  in  the  island  of 
Gouahan  (illustration),  441,  443. 

Volcanic  rocks,  124. 

Volcano,  causes  of,  125. 

Volcanos,  dormant,  of  Central  France, 
372. 

Volkmannia,  196. 

Voltzia,193,  429. 

Vulture,  fossil,  309. 

W. 

WALES,  coal-fields  of,  436,  440. 
Watt,  Geoffrey,  his  experiments  on 
the  formation  of  basalt,  124. 


Wealden  group,  a  freshwater  deposit, 
392- ;  Dr.  Mantell's  sub-divisions, 
393  ;  geographical  distribution, 
395  ;  the  Portland  dirt-bed,  397  ; 
organic  remains,  402  ;  the  hylaeo- 
saurus,  406  ;  denudation  of  the 
wealden,  407. 

Wenlock  formation,  456. 

Werner,  summary  of  his  system,  36  ; 
his  followers  termed  Neptunists, 
36  ;  limited  basis  of  his  system,  36. 

Whales,  fossil,  317. 

Wight,  Isle  of,  basin,  362,  365,  368  ; 
upper  marine  series,  368  ;  upper 
freshwater  series,  wealden  strata, 
400  ;  geological  sections,  348,  367, 
381,  395,  401. 

Woodward,  Dr.,  bequeaths  his  col- 
lection, and  founds  a  professorship 
of  geology,  35. 


^  X. 

XANTHUS  the  Lydian,  his  explana- 
tion of  the  occurrence  of  fossil 
shells,  19. 

Xenophanes,     correctness     of 
geological  speculations,  19. 

Xenurus,  334. 

Xiphosura,  260. 


his 


Z. 


ZAMIA,  192. 

Zechstein,  or  magnesian  limestone, 

431. 

Zeuglodon,  318. 
Zeugophyllum,  194. 
Ziphius,  317. 
Ziphodon,  326. 
Zoo-corallina,  218. 
Zostera,  399. 
Zosterites,  193. 
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